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Abstract 

The study of reactions of human CHS to peripheral effects of 
EHF emission, created by therapeutic apparatus Yav-I (the wave 
length is 7.1 mm) revealed restructuring of the space-time 
organization of biopotentials of the brain cortex of a healthy 
individual which indicate development of a non-specific activation 
reaction in the cortex. The study of sensory indication of EHF 
field with these parameters showed that it is can be reliably 
detected at the sensory level by 80% of the subjects. 

Tn-Kroduction 

In the process of study of reactions of living systems with a 
different level of organization to millimeter waves, non-thermal 
(informational) effects were discovered [1-3]. The distance from 
the place affected by the emission to the location of appearance of 
the biological reaction may be hundreds and thousands times larger 
than the distance at which the emission decreases one order of mag- 
nitude. This fact demonstrates participation of the nervous system 
in perception of millimeter-range emission by living organisms. 

There is a wide-spread opinion that biological effects of EHF 
are realized in humans at a subsensory level. However, in the 
recent years there is interest to their sensory detection in the 
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form of radiosound, magnetophosphenes, or skin sensations [4-9]. 

Changes in EEC to EMF effects were most often observed in the 
form of an increase in the slow waves and spindle-shape 
oscillations in reptiles, pigeons, rats, rabbits, monkeys, and 

humans [10-12]. 

We have not found studies devoted specifically to the effects 
of millimeter waves on the central nervous system in the available 
literature; thus, the current study has been undertaken. This 
study employed electrophysiological and psychophysiological methods 
for the evaluation of the state of the central nervous system while 

affected by EMF. 


Methodology 

Twenty healthy subjects aged 17 to 40 years participated in 
the experiments. Apparatus Yav-I with the wave length of 7.1 mm 
was used as the EMF source. A flexible waveguide with the power of 
5 mW/cm 2 at its end was directed at He-Gu [4 Gi] acupuncture point 

in the right or left hand of the subject. 

Two experimental series have been conducted. In the first one 
(10 subjects, 10 tests with each subject, 20 instances of field 
action in each test), sensory detection of the field was studied. 
The length of the EMF signal or control trial without the signal 
was 1 minute. To evaluate the subject's EMF sensitivity, the 
indicator of response strength (RS) was used, i.e., the ratio 
between the number of correctly identified trials and the total 
number of EMF signals. Another indicator used was the level of 
false alarms (FA), i.e., the ratio between the number of false 
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positives to the total number of control trials. The significance 

of the difference between RS and FA was evaluated by using the 
Mann-Whitney test. The analysis of latent time (T lat ) included 
total histograms of true responses and false alarms. 

In the second series (10 subjects, 11 tests with each, 
including placebo tests) the exposure to the field was equal to 60 

minutes . 

EEG recording was conducted before and after the EMF influence 
by using EEG-16S (Hungary), with 4 paired leads, located according 
to 10-20% system (in the frontal F-F, central C-C, parietal P-P and 
occipital 0-0 areas). As the reference electrode, a joint ear 
electrode was used. 

Together with EEG recording on paper, the data were fed for 
on-line processing into an IBM-PC Amstrad computer using spectrum 
coherent analysis by means of rapid Fourier transformations with 
plotting power spectra and computing mean coherence levels. 
'Selected for the study were frequencies from 2 to 30 Hz in major 
physiological ranges of the EEG spectrum. 

Results and discussion 

In the first experimental series, the subjects showed a 
division into two unequal subgroups according to their RS and FA 
indicators. The first subgroup (8 individuals) could reliably (at 
a statistically significant level] detect EMF: the differences 

between RS and FA were significant according to Mann-Whitney test, 
the means for RS and FA being 64.3% ± 10.5% and 20.6% ±.11.2%, re- 
spectively. The second subgroup (2 individuals) could not reliably 
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distinguish between EMF effects and control trials, the means for 

RS and FA being 59.0% + 14.25% and 43.53% ± 16.5%, respectively. 

From the eight individuals who could detect the EMF well, two 
could reliably distinguish it from control trials with both hands, 
one could do this only with the left hand and the others only with 
the right hand. An analysis of distribution of T Lat of true 
responses and false alarms showed single mode distribution in both 
instances. The mean of latent time for eight subjects was 46.1 + 
5 . 8 sec . 

The prevalent sensations were pressure (46.7%), tingling 
(36.3%), itching (8.9%), warmth-coolness (5.3%), and other 
sensations (2.8%). All the sensations were experienced either in 
the palm of the hand or in the fingers, each subject having his own 
set of sensations. 

An analysis of the data obtained experimentally justifies the 
assumption that humans are capable to perceive sensonally the EFM 
in the millimeter range, similarly to their capacity of perceiving 
the ELF fields [4-6], which is in accordance with the results 

obtained elsewhere [ 9 ] . 

Interaction of any physical factor with biological systems of 
complex organization begins on their surface, and the skin is the 
first receptor. Unlike other analyzers, the skin does not have 
absolutely specific receptors. This was confirmed in experiments 
conducted by A.N. Leontiev and his associates [13], who conducted 
similar studies with non-termal emission in the visible range of 
spectrum and found that their subjects were capable of reliably 
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distinguishing the emission effects from control trials. The modes 

of perception were similar to those observed in our tests. Thus, 
our results as well as data of other authors indicate the 
importance of the skin analyzer in EMF perception. 

Study of the modes of perception which occur in the process of 
EHF field reception makes it possible to assume that EMF stimuli 
are perceived either by mechanical receptors (sensations of touch 
or pressure), or by pain receptors, i.e., nociceptors (tingling and 
burning sensations) . From mechanical receptors, only Ruff ini's and 
Merkel's endings and tactile disks may be involved in the process, 
according to the depth of their location in the epidermis, their 
adaptation speed and their capacity to spontaneous activity. The 
assumption that nociceptors may be responsible for the reception of 
EMF signal is based on the following: their polyspecificity in 

relation to stimuli; the kind of sensations, i.e., tingling and 
burning, which are considered precursors of pain; experiments which 
showed complete disappearence of EMF sensitivity in individuals 
whose skin at the place of influence was treated by ethyl chloride 
that turns off pain receptors; facts from medical practice that the 
EHF influence on the respective dermatome [dermatome means the 
areas of the skin supplied with sensory fibers from a single spinal 
nerve — LFJ causes sensory response in the afflicted organ of the 
body which may be the result of convergence of nociceptive 
afferents from the dermatomes and the internal organs on the same 
neurons of pain pathways. With this, skin hypersensitivity occurs 
because visceral impulses increase the excitability of inter- 
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stitual neurons and facilitation takes place. 

The latent time of EMF responses (to both ELF range and 
millimeter range EMF) is unusually large. While the reaction time 
of visual and auditory sensory systems is from dozens to hundreds 
of milliseconds , the perception of EMF takes dozens of seconds. 
This is in a good agreement with theoretical calculations by I.V. 
Rodshtat [14] who made an assumption that a single time cycle of 
microwave sensory reception, including detection of sensory 
sensation, is within 40 to 60 seconds. This is explained 
[according to him] by a complex structure of the reflex arc which 
includes both nervous and humoral links. 

An analysis of inter- central EEG ratios is one of the 
approaches to the study of regulation mechanisms of functional 
states of the human brain. 

As known from the literature [15], the indicator of coherence 
level (COHm) is the most significant of EEG correlates which 
characterizes the peculiarities of the human brain functioning. 

Major changes of the cortical EEG with regard to both inter- 
central and intra-hemispheric connections in placebo tests can be 
characterized either by a decrease in COHm, especially in the range 
of delta and theta, or by maintaining the background level. A 
power spectrum analysis shows a decrease in the brain waves 
magnitude, especially in the alpha range (Fig. 1). 

Thus, as a result of placebo (control) tests, a kind of 
»i expectancy reaction" with specific space— time organization of the 
cortex biopotentials takes place. 
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A different EEG pattern is observed after the individual is 

exposed to EMF. There is a significant power increase in the alpha 
range, especially in occipital and parietal areas in both 
hemispheres; in other parts of the spectrum the power remains close 
to the background level (arrows 2 and 3 in Fig. 1). Unlike in 
placebo tests, an increase in the mean of the coherence level COHm 
takes place practically in all the subjects resulting from exposure 
to EHF . It mainly occurs in the frontal and central areas of the 
cortex and is mostly expressed in slow wave spectrum range (delta 
and theta). A similar pattern of brain waves is characteristic of 
the state of an increased brain tone, i.e., it occurs in non- 
specific activation reaction [16]. This kind of response is 
characteristic because it is known that frontal areas of the cortex 
are sensitive to various external factors. These zones have broad 
bilateral connections with other cortical and subcortical 
structures which determine the involvement of frontal areas in many 
functional response systems. 

Conclusions 

1. Peripheral effects of EHF (7.1 mm wave length, 5 mW/cm 2 ) 
with a 60 minute exposure causes restructuring of the cortical 
brain waves in a healthy individual; this points to the 
developments of a non-specific activation reaction, i.e., to an 
increase in the tone of the cortex. 

2. The study of sensory detection of EMF in EHF range showed 
that the field with the above parameters is detected at a 
statistically significant level by 80% of the subjects. 
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RESONANCE EF FECT OF COHERENT 
ELECTROMAGNETIC RADIATIONS IN THE 
MILLIMETRE RANGE OF WAVES ON LIVING 
ORGANISMS* 




M. B. Golant 
(Received 10 June 1987) 

The results of Soviet and foreign theoretical studies furthering understanding of the mechan- 
ism of the acute resonance action of extremely high-frequency coherent electromagnetic ta- 
diationso, low power on live organisms and the significance of these radiations for the func- 
tioning of the latter are analysed. 

Reference [1] piesents a systematic review of experimental work promoting under- 
standing of the mechanism of the acute resonance effect of extremely high frequency 
(e.h.f.) low power irradiations on living organisms. The results of these studies show, 
in particular, that the cells of live organisms generate coherent acousto-electric vibra- 
tions of the e.h.f. range used in the body as control signals of its functioning. As fol- 
lows from experimental research, the influence of the external e.h.f. radiations on the 
o y is apparently connected with the fact that at certain resonance frequencies the 
signals coming from without imitate the control signals generated to maintain homeo- 
stasis by the body itself. External radiations may make good the inadequacy of the func- 
tioning of the control system of the body in conditions when the formation by it ot 
signals of these frequencies in arrested or becomes less efficient for one or other reason. 

Acquaintance with, the data outlined in reference [1] greatly simplifies the review 
of theoretical work allowing one not to deal with the investigations in which the initial 
premise is the assumption of the impossibility of generation by live organisms of cohe- 
rent vibrations.* It also becomes possible to reduce to the limit the exposition of the 
essence of the first theoretical studies seeking to prove the possibility, in principle, of the 
mechanism of generation of coherent e.h.f. vibrations in living organisms but not tying 
the mechanisms considered to the features of their functional use: in such a comply 
system as the living body one may imagine a number of different mechanisms of genera- 

* Biofizika 34: No. 6, 1004-1014, 1989. 

, ! Th* frequency range corresponding to the millimetre range of wavelengths according to Soviet 

s andard GOST 24375-80 is called the extremely high frequency range. 

See reference [2] to acquaint oneself with the conclusions of such theories and the resulting 
insurmountable difficulties of squaring their conclusions with the results of experiments. 
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n linear size of which ~10 5 m) of resonance systems of large electric length The 
velocity in hundreds of m/sec is peculiar not only to purely acoustic waves bufalso m 

de^fn eCtr ! C HT eS Wh,Cb WiU bC COnsidered below - F ^er substantial (bv 1-2 or 

with the sizTonh C ° ntraCt, ° n ° f thC waveIen e th would lead to its commensurability 
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oy the feature already noted in reference [1] of the structure of the membranes: the 
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IV ener ® y ex P end *ture on the formation of a certain volume of information in the 
- , j me * re lan ® e * s relatively low as compared both with the longer wave and the far 
er wave ranges. This is connected with the difference in the character of noise in 
tnese ranges as compared with the millimetre. In longer wave ranges noise of a thermal 
nature dominates. 

Since in this region hf^kT, the information signals, the intensity of which exceeds 
r is commensurate with the noise level, are formed by a very large number of quanta, 
ne information content of such signals rises with the frequency /. But since the neces- 
aiy evel of signals is determined by the magnitude kT the ratio of the volume of infor- 
mation to energy expenditure on its formation rises with f 

In the fair shorter wave region hf^kT. Here the quantum noise associated with the 
rete nature of the radiation dominates. Reliable transfer of a certain volume of in- 
ormation requires that the corresponding signal is formed by the number of quanta 

* 'Y® ' V °“ ld recaJ l that the millimetre range of waves corresponds to the frequencies of the vibra- 
tions of 30-305 GHz— e.h.f. frequency range. 
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Acousto-electric e.h.f waves in cell membranes and their resonances. Reference m 
gives the results of experiments showing that the resonance effect of e.h.f. radiations on 
the cells is connected with excitation of the acoustic-electric waves in closed cell mem 
tones. A theoretical analysis of the problem is outlined in references (5, 1 1], In this wort 
“ l n .t ‘ S , ° f ‘.i C f ata 0n membranK pt«e»ted in reference f 12] (elastic modulus 
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^(K'lpAJ 0 - 5 , (2) 

equaiuo m hat 1 ? V “"a (fa, ' like) *** ^ for the “I™**- “ take, as 

equal to 800 kg/m . The magnitude u p calculated from (2) is -400 m/sec. Using (1) and 

2) may one may calculate the wavelength in the membrane for different /and also t£e 

frequency shift between the centres of the neighbouring resonance bands i/correspond- 

Z membTane: P * er ^ ^ ** ° f Wavelengths accomodated at the perimeter of 

Wl^iKJpAJ^ind)- 1 , (3) 

wlu;re d is the diameter of the membrane. 

-niJ^.l ValUeS Ca,CUjated fr0m (3) satisfactoril y agree with those presented for the 
spectral characteristics of different cells [1]. This confirmed the ideas discussed in the 
preceding section that the mformation signals in the cells must spread at the speed of the 

(3)7o L7o7m Sep3rating thC right and ,Cft partS ° f (3) iat0 f and usin S 0) we transform 

flAf^nd/A. (4) 
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Since the number N of wavelengths A at the perimeter of the membrane equal to nd/X 

, e ^ Ua °[ thc Cells in which the V£due d ,ies wit hin ^e limits 0-5-10 /im to several hun- 
dreds or thousands then relation (4) indicates that the sharpness of the resonances in 

~°0 3 -10 4 membraneS corres P° nds to that of the contours with the quality factor 

As is known [3], cell membranes are polarized and during normal functioning of the 

nM,/ Stre i? ° f thC CieCtriC fieId in the membrane perpendicular to its surface is 
m K T h " ef0re ’ ° n pro P asation of acoustic waves (producing periodic changes in 
membrane thickness) in the polarized membrane there appears an alternating electric 
field changing with the frequency of the acoustic vibrations exciting it. For vibrations of 
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ferent f citation °f ‘he vibrations may occur in membrane sections corresponding to dif- 

m evaJuating ,he "»**»** since as a rale the differences in the d 
aiues corresponding to different sections are insignificant. 
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low amplitude considered here the membrane represents a linear system and hence for a 
certain size of the constant electric field in the membrane the ratio of the amplitudes 
of the acoustic and electric vibrations remains constant regardless of the amplitude of 
the spreading wave, i.e. an acoustic-electric wave is considered i D which the variable 
electrical and acoustic parameters cannot be regulated independently. 

It should be noted that unlike electromagnetic waves (the slowing of which in the 
membrane would be insignificant) the length of the acoustic-electric wave in the mem- 
brane is ~ 10 times less than the wavelength in free space and, therefore, the energy of the 
electric e h f. field m the course of the vibrations in the main is transformed not to the 
energy of the magnetic field but to the energy of the acoustic e.h.f. vibrations and back. 
Tlus is similar to the transformation of energy in some low frequency parametric systems 
in which the vibrations are maintained through transformation of the mechanical energy 
expended on increasing the distance between the charges on the condenser plates to the 
energy of the electric field. 

To the different resonance frequencies /corresponds a different number of standing 

Tr 3 ! ?! L erimeter ° f thC membrane ‘ Therefore, the character of the distribution 
of the e.h.f. field also changes with/both at the surface of the membrane and in the intra- 
and extra-cellular spaces lying next to it and, consequently, so does the character of 
the controlling action of the e.h.f. field. But for a large total number of wavelengths 
accomodated at the perimeter of the membrane, change in this number per unit cor- 
responding to the neighbouring resonarces introduces a slight change in the character 
of the field distributions. As a result the character of the controlling action connected 
with the spatial structure of the field gradually changes from one resonance to another. 
At the same time the controlling action of the external radiations may be connected not 
only with the spatial field distribution but with the resonance frequencies of particular 
protein molecules or intracellular elements. These last changes are more weakly connected 
with the structure of the field of the acoustic-electric waves. In reference [5] it is also 
noted that since different membrane systems literally pierce the whole cell the acoustic- 
electric waves branching off from the resonating membrane may penetrate to any region 
of the cell, the direction of propagation and action depending on the type of vibrations 
in the resonating membrane and the character of the membrane network changing 
configuration in different conditions [7]. 

The theoretical evaluations and ideas presented above applying both to acoustic- 
electric waves and their controlling action in the ceils did not touch upon the problems 
of excitation of such waves. The question of excitation is trivial neither for the case when 
it operates under the influence of external radiation nor the autonomous generation of 
vibrations by the cell itself. Discussion of the problems connected with the excitation of 
vibrations in the membrane directly leads to analysis of the mechanism of generation 
by the cells of coherent vibrations. Therefore, it appears desirable before starting such a 
discussion to go briefly into some hypotheses on the character and nature of the 
mechanism of action of coherent vibrations on living cells put forward even before 
clarification of their functional role in living organisms and the careful experimental 
treatment of the problems associated with these mec hanism s 
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First theoretical models of the mechanisms of excitation of coherent vibrations in cells. 
ynong the theoretical studies aimed at validating the possibility of generation by living 
^lls of coherent vibrations a special place is taken by the numerous investigations by 
ffohlich already begun in 1968 and summarized by him in 1980 [13]. Frohlich was one 
jf the first to express the conviction that in living organisms thanks to the presence of 
jetabolic energy coherent vibrations may be generated with the energy of random ther- 
mal vibrations possibly being transformed to the energy of coherent vibrations. Corn- 
ering the thickness of the membrane with the length of the acoustic waves he postu- 
red that the action of radiation may be the cause of excitation in the membranes of 
jcoustic vibrations with which following polarization of the membranes the appearance 
/electric vibrations is connected. 

Frohlich came to the conclusion that the resonance frequencies may lie in the e.h.f. 
•mge. AJ1 these and a number of other ideas, in somewhat modified and refined form, 
jill retain their value today. Frohlich theoretically also worked out one of the possible 
jechanisms of generation of vibrations by the cells on exposure to external electromag- 
jctic radiations. He postulated that the mechanism of generation of vibrations by the 
xlls is similar to the work of a regenerative amplifier brought to the face of the regime 
jf excitation. Therefore, a very low external signal (he did not discuss other cases) is 
inough to initiate generation of coherent vibrations the power of which approaches sa- 
mration. 

The vibrations according to Frohlich [34] are connected with the strong interaction 
if polarization waves in a certain band lying in the frequency region ~ 10 11 Hz, with a 
seat reservoir and are ensured by the inflow of energy from metabolic sources. In bio- 
cgical systems with low frequency collective vibrations favourable conditions are cre- 
iied for phenomena of the Bose-Einstein condensation type in the course of which there 
■s redistribution of energy between the different degrees of freedom and the concentration 
alow frequency forms of vibrations. Condensation determines the possibility of goal-di- 
rected conformational conversion. Frohlich was unable to demonstrate the presence of 
uch a mechanism of generation (see below). Moreover, in the period when he advanced 
:he hypothesis the role of coherent e.h.f. vibrations for the functioning of the cell and 
ience also its need for them was not known. Only in one of his late papers [14] did he 
autiously assume that biological systems “...themselves somehow use radiations in the 
tequency range discussed and are, therefore, sensitive to the corresponding radiations”. 

Accordingly, in working out the hypothesis questions connected with the different 
reaction of organisms to radiation as a function of the initial state of the organism and 
ts deviation from normal were not raised or solved; nor were questions concerned with 
the variety of the spectra generalized by living organisms in particular cases raised or 
•olved; nor were questions of the significance for the organisms of the degree of coherence 
rfthe signals generated raised or solved as is also true of a host of other problems under- 
lying study of the problem today when answers to specific questions associated with the 
practical use of e.h.f. influence are required. 

How far the hypothesis presented may be adapted to solve the questions arising is 
rot clear. Probably it is simpler to validate the theoretical construction of the mechanisms 
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data on the formation at the membrane surface in periods when normal cell functioning 
is disturbed (and external radiation is capable of acting on its recovery) of temporary 
structures which may also act as coupling elements. 

But how do these temporary structure form? Since the membrane for the electrical 
component of the waves excited in it is a retarding system the wave length in which A 
is shorter than the length of the electromagnetic waves in the surrounding space, the am- 
plitude of the field on moving from the surface of the membrane decreases approximately 
by the exponential law exp (-2 nxjA) where jc is the distance from the surface [21]. 
The action of the polarization forces on the excited protein molecules (see below) in 
such a rapidly changing field, especially at the surface of the lipid layer of the membrane 
(where the aqueous medium does not penetrate), is always directed to the surface [22]. 
On exposure to these forces protein molecules and aggregates move to the membrane 
surface and adhere to it [1] from which the elements of the temporary structure are 
formed. In fact, the polarization forces acting on the molecules and aggregates are deter- 
mined not only by the variable but also by the constant components of the field in the 
membrane pulsating in response to the acoustic wave. These forces are proportio nal to 
the square of the field strength. As shown by calculation, if one ignores second order 
terms of smallness the variable component depending on the coordinate 1 of the forces F y 
acting on the protein molecules at the membrane surface is proportional to E t sin 2 (2nl[ 
.'2 A) where E t is the amplitude of the variable component of the wave field in the mem- 
brane; / is the ongoing coordinate read off along the perimeter of the excited section of 
the membrane. Consequently the F t maxima are shifted relative to each other by the 
length of the retarded wave A (but not A/2 as in the standing wave), i.e. by the distance 
which in line with the forgoing is necessary for the temporary structures formed to ensure 
optimally the link between the waves in the membrane and surrounding space. 

From the photographs given in reference [23] it will be seen that the temporary 
structures described form not over the whole perimeter of the membrane but at points 
of curvature or in narrow gaps between the membranes, i.e. in regions of concentration 
of the fields where their amplitude is maximal. The factors disturbing cell functioning 
in many cases lead to deformation of the membranes which apparently causes the forma- 
tion of these temporary structures. Therefore, the effect of the external e.h.f. signals on 
the cells with disturbed functioning grows. At the same time amplification of the field 
in the membiane on exposure to e.h.f. fields leads to acceleration of the formation not 
only of the linking elements of the cells with the external e.h.f. field but also to the for- 
mation of stable information structures ensuring generation by the ceils of e.h.f. signals 
also after arrest of irradiation [1] (see also below). 

It should be noted that strengthening of the link with the external field is also pro- 
moted by such cell deformations still not leading to the formation of the temporary 
structures described but such a link must be weaker. This probably determines the re- 
sponse of the cells to repeated exposure to external e.h.f. irradiation where the response 
to a single exposure cannot be detected [24]. 

To conclude the exposition of the question of the link between the cell membranes 
and the external e.h.f. field we would mention that the literature quoted in reference [1] 
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„ho developed the model of the dynamic behaviour of proteina accotding to which the 
■noleculee perform fluctuations passing from one conformational stTe ,o Tnoto 
many of these states being energetically very close to each other. At reduced temnem’ 
tares (nitrogen level and even lower) the probability of such transitions assocteTwhh 
overcoming the potential Harriets falls in proportion exp X “ isle 

eaetgy of the transitton [34J. At room temperature most of the suLtLll„ ! 
egui lbrium. The conformational mobility is important for the fulfilment by thelo 
molecules of their biological function. Accordingly thermal equilibrium!* to a cl 
atm averaged distribution of these functions between the molecules. 

The e.h.f signal is capable of synchronizing the vibrations isolating certain conform* 
nonal states m those moiecules with .esonance frequencies close to the Cu e ° J o The' 
synchronizing signal. The possibility of excitation of • requenc y of the 

r * «" is detm“^^ 

molecules are distributed in them unevenly so that th*** , i i P l * ° f the protem 
dipole moments P5J. In line with the model of hiomacromoSS deve'loplllrf' 
erence [36] at different frequencies the e.h.f. field interacts with th^.v h o- P feP 

Particularly effective interaction ofthee.hf field with protein molec l ' erent portlons - 

to the membranes where the e.h.f. waves are retarded and their 
scoustic (see preceding section) the length of which is commensurate ih the size the 
protein molecule. As made clear above, on exposure to an e.h.f. signal the proZ 1,« 
rules are drawn to the membrane surface, the character of the proSss of draw „» ,7,1 
inner surface of the membrane being similar to that of molecules to its outer surface (231 
As a result information structures may form on the membrane surface (an extmnle of 
one of them was given in reference [1]). 1 " xample of 

Didenlco relates the results obtained by her in study of the action of an e h f sicnal 
on the Mossbauer spectra of protein molecules to excitation in the latter at the resoZce 
frequences of acoustic vibrations. The quality factor of the haemoglobin molecuZal 
acoustic resonators Q„ according to the evaluation made by her (on The basiTof rh7,„f 
logy with polymers is quite large: ~ 10*. The magnitude hfo >s brand m3 J 

molecules the effects of accumulation of the enftgy 

intone to isolate the action of even very weak coherent signals against the background 

Mechanism of generation by the cells of coherent e.h.f signals. The material of 
previous sections allows us to pass to an exposition of ideas on the mechan^m" of^ Jo 
generation of e h.f. vibrations in the cell [5], This is a very important question since as 

r.ady noted the action of the external signals on the cells is effective only to the extent 
it imitates their autovibrations. y tent 

Probably it is rational to outline as follows the sequence of the process of excitation 
of the automations. In conditions when as a result of certain actions on the cell lead- 
ing o anomalies m its functioning its symmetry is disturbed, conditions of preflntial 
excitation are created in the cell membranes at certain resonance frequencies (see ^ 0 ^ 

This leads to synchronization of the vibrations of those protein molecules adheriTm 
e membrane and the resonance frequencies of which coincide or are close to the fre- 
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to explain as a consequence of the impacts on their protiuding portions of the molecules 
drawn to them by the e.h.f. field. The use of external e.h.f. signals of the same frequencies 
which for the corresponding disturbances would be generated by the organism itself 
niay accelerate the process of generation of the information structure or make it more 
effective. 

The process described is a system process involving metabolism, protein molecules 
and the membrane system alike and if one considers multicellular organisms (which we 
have not touched upon in the present review in order not to complicate the exposition) 
then one also considers the organism as a whole (naturally its different parts to differing 
degrees). The mechanism described, of course, is still highly hypothetical. 
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ACTIVATION ENERGY AND ANALYSIS OF POSSIBLE 
PATHWAYS OF PHOTOSYNTHETIC EVOLUTION 

OF OXYGEN* 

L. I. Krishtalik 

Frumkin Institute of Electrochemistry, U.S.S.R. Academy of Sciences, Moscow 

(.Received 23 July 1987) 

From analysis of the main contributions to the activation energy of a series of stages of oxida- 
tion of water to O* the following conclusions are drawn: the barrier set up by the repulsion of 
unbound O atoms on their convergence is partially overcome through the energy of binding 
of the water molecules by manganese ions. Concerted electron and proton transfer with the par- 
ticipation of bases stronger than water greatly improves the energetics of the process; the most 
probable pathway of the reaction is the rate-determining two-electron oxidation of water to 
hydrogen peroxide (the possibility of this process taking place in two successive single-electron 
stages is not clear) with two subsequent- fast stages of oxidation of H 2 Oi to HO* and 

then to 0 2 . 

In references [1, 2] we considered the equilibrium values of the changes in the configura- 
tional free energy of the reaction of evolution of 0 2 as a whole and its individual stages. 
We now look at the factors determining the height of the activational barrier. Lei us 

* Biofizika 34: No. 6 , 1015-1020, 1989. 
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Action of electromagnetic radiations of millimetre wave range on living organisms 371 

However, simultaneously there appeared data on the effective influence on the functioning of 
living organisms of non-ionizing radiations of low power (so-called non-thermal level of power) 
on exposure to which heating of the tissues does not exceed 0-1 K. It was difficult to understand the 
nature of their actual presence from the same standpoint from which the action of more powerful 
radiations was explained. Many considered that it is a matter of artefacts particularly since at first 
reproducibility of the results was extremely poor. The data referred to different biological objects 
an d the action was characterized by different biological parameters and the acting factors were also 
compared. However, communications on non-thermal actions of electromagnetic radiations 
did not cease and it would be impermissible to ignore them if only from the point of view of the safety 
techniques in work with radiations. 

At the start of the ’sixties a number of teams under the joint scientific direction of Academician 
N„ D. Devyatkov embarked on a systematic study of the action of coherent radiations of non-thermal 
level on living organims. The work was conducted in the e.h.f. range [3] since in the course of setting 
the first series of generators covering this range Academician Devyatkov and the author identified 
specific features of e.h.f. radiations both as compared with lower frequency and far higher fre- 
quency ranges [4] suggesting the possibility of an enhanced reaction of living organisms to these 
radiations. Later, the special possibilities of using the radiations of this range were validated in rela- 
tion to the problems of medicine and biology [5]. 

For any sufficiently complex system, primarily for living organisms, study of the features of 
their reaction to agents must begin by answering the question of the role of these agents in the 
functioning of the system or organism. The answer to this question may give knowledge on the re- 
gularities of the behaviour of the agent. Therefore, study of these patterns was the main aim of the 
first systematic experimental investigations. 

IDENTIFICATION OF THE BASIC PATTERNS OF THE ACTION OF 
COHERENT E.H.F. RADIATIONS OF NON-THERMAL LEVEL OF POWER ON 

LIVING ORGANISMS 

The first series of experiments sought to clarify the question on the reality of the effective ac- 
tions, or artefacts, of coherent e.h.f. radiations of non-theimal intensity (hereafter for brevity called 
e.h.f. radiations) on living organisms and if such actions exist to identify their basic patterns. It 
was undertaken on organisms of differing complexity of organization (from bacteria to mammals). 
The results have been repeatedly and quite amply discussed in the literature. In particular, the re- 
views of the first 70 publications are given in [6, 7]; in references [8, 9] the technique of the experiment 
is described and the main patterns, later also treated in reference [10], presented. Subsequent experi- 
ments confirming these patterns were also undertaken abroad (see, for exampie, [11, 12]). Therefore, 
it is desirable without digressing on a repetition of these experiments (the main results will be pre- 
sented in the course of the exposition) to begin straight away with formulations of the patterns iden- 
tified on their basis. 

1. The dependence of the biological effect on the frequency of coherent e.h.f. radiation acting 
on the body is of an acute resonance character, i.e. the response to the agent occurs in narrow fre- 
quency bands (usually ~10- 3 -10- 4 of average frequency). 

2. The effects observed in a certain fixed time of the action of e.h.f. radiation are not critical 
to the density of the incident flow of energy. Starting from a certain minimum (threshold) density 
amounting for different organisms to 0-01-100 mW/cm J the subsequent rise in flow by 2-3 orders 
of magnitude for a single action does not, as a rule, influence the biological effect. 

3. The memorization of the action of the e.h.f. — persistence for a long time after arrest of the 
exposure of the resulting changes in the functioning of the organism - ensues only when irradiation 
is of sufficient length: from a few tens of minutes to a few hours. 

4. The biological effects of the action of e.h.f. radiations closely depend on the initial state 
of the body. Single e.h.f. irradiation does not significantly influence the current functioning of the 
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S?L°« rganiSm ‘ If aDy ° f thC fUDCti0DS of the orgaQism « disturbed, exposure to coherent e.fa f 
radiations may in many cases restore it. 

It is important to note that heat exposure cannot give effects satisfying these patterns This 

111 r Ud V hC CXiStenCe ° f PUreIy thCTmaI effects depending on frequency’ 

and corresponding to low levels of the acting power flux [13, 14], 

orff T° 2? idC3S fr ° mthe , eXPerimen ' S 0n the nat “ e “»e action of e.h.f. radiations on living 

oEr l .T f0 C I" P 3yed by thC C ° mm0n nature of the P a,terns Presented for organisms 

noMo^onfineTh^fieM 0 ^ 0 ^ 311 ™*' 00 ^ ^ ^ *° USC the data ° f investigations and 
not to confine the field of the investigations to the characteristics of any one object 

conclusions! 5 ^ ^ P2UernS HStCd 0U “ ined ,B the grCateSt detail in I 14 * suggested two main 

a) f Th * effeCt of ooherent e.h.f. radiations on living organisms adds up to the control of the 
SSr 0CCUninB ^ ‘ hem aDd PIOCeSSCS ° f adaPtati ° n * the *“•«»» conditions of 

b) the effectiveness of the acute resonance action on the organism of radiations originate 
irom sources of coherent oscillations external in relation to it is connected with the t thatThesf 
radiations may excite in the organism coherent e.h.f. oscillations 

nr” 5 ^ th<! ° r8aniSmS themselves ‘ A similar conclusion is also contained in refer- 

co m nw7 VCr ’ , thC PaSM8C fr ° m * hC pattems out,ined to these conclusions at first ran through 
mp lex logical reasoning. The question of more direct experimental evidence retained its acuity 

r^way in whiIh t r V ‘ eW “ t0 2 deSCription of “• The material W “1 be outlined in the order 

orohiern L ! f ° r answering the specifically posed questions corresponding to the 

compleTeness of th/' Ch t °'“ ° f the experiments described in each case is determined by the 
ompleteness of the answer to the question posed ensured by them. 

imDomnt^^u V °'r mC ° f ‘ he PaPCr thC information necessary for illuminating the most 

c,mta?nedin7rn,7tH e problcm ' hc material wiH * «Pven without going into details which are 
contained m the quoted sources. In particular, the communications [11, 17, 18] are specially de- 

£11' m ° n - Here - ” ^ ‘o.MhT,nt * 

periments described below m nearly all cases the range of changes occurring on exposure to e.h.f. 
radiations was far smaller than the mean value of these changes. 

UNK BETWEEN THE ACUTE RESONANCE CHARACTER 
OF THE RESPONSES OF ORGANISMS TO THE ACTION OF E.H.F. RADIATIONS 
AND THE INFORMATION FUNCTION* OF THE LATTER 

feirfnB 0 from^arrn7 henS,VC C ° ntr ° l ° f th ® functioning of “ organism many control signals dif- 
Swne« of ^ neC 7 ary - ^ aCuity 0f the resonance responses of the body to irradiation 
Sled * ° f J2. 7 q , UC u Cy ' “*• for example > Fi * » characterizing the first of the above 
spectra “ t 7 bUtCS ? formation on thc of them of a large number of different 
JSk’JI 1 1 the question of how far the acute resonance nature of the responses of the 
waf^c^J^ 2 ,? 0 ?- 0 / C,h,f - radlat,ons «^ay indicate the information function of the latter, it 

The action spectra ivy *i<n 0UISC *** tbat a * arse numbcr of such resonance response actually exists. 
12,2? 1 £2 2 ; , 19] in 2 “dependence of a certain biological parameter on fre- 
b ,S actually 80 ’ f SimiIar dependences had already been registered 

a«S^t/ S7 y ^ nUmber 0f . identificd resonance, was smaller. With such a density of 

ensure a huee 0 ^^ m th ® frcquency thcir combinations in the spectra may 

ensure a huge vanety of signals. But this will correspond to the diversity of control only with the 

t We°wo7d “ n fU1 f i0 “ vnmeaatba rolc 0{ radiations as control signals. 

in Fig lb Z ~ 7 m rcf * renC0 [19J for Sorae resonance curves from among those shown 
g. 2b, we present a large number of experimental points. 
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Fio. 1. Induction coefficient of lambda prophage as a function of the frequency of the acting ra- 
diation [11]. 

condition that to each of these bands correspond states of the organism somehow differing from each 
other. The action spectra presented do not answer the question of whether or not the last condition 
is fulfilled. They reflect the dependence on frequency of only one single biological parameter and the 
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Fig 2 Dependences of the normalized growth rate of a yeast culture on the frequency of the acting 
radiation [12] (a) and change in the number of karyocytes (N/.V 0 ) after exposure to e.h.f. comb.ned 
with X-radiation with the wavelength of e.h.f. radiations in free space [19] (b). 

character of the change in the other parameters is not defined. Moreover, biological methods cannot 
provide an answer to this question since complete examination of the biological object is extremely 
laborious, if feasible at all [21]. 
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detect.cn of the frequencies of exposure optimal in term, of S ma * CXpenmcnts on ‘he 

processes in the organism [22]. The results of one Ih i the . max,mum intensification of different 
frequencies optimal in terns of SS the ZimnmT ® " 8iVen ta Fig - 3 ‘ «*» ‘he 

are usually scattered far apart the corresponding exnerimen^ IT ‘ °f arb,trar,ly chosen parameters 
or .ho Ohrorooceo * .ho offocu op *. 2,“^ — “ *■ — 


ONE OF THE POSSIBLE WAYS OF IDENTIFYING THE UNIT rctu/eeu 
THE GENERAL STATE OF THE BODY S thTfrToS' 

OF THE EH.F. RADIATION ACTING ON IT 

~ ‘ — a different 
integral characteristics exist LuenL““y worked out [23]. Some 

an integral characteristic is, in particular the dumSf S “f OCCumng in ‘he cells. Such 
successive divisions (hereafter, for brevity duration of th ^ ?' dcveiopment ot cell between 

^.or . 6. o,o, os i, d, s «*d whh tt^Uoa 11 11,1721 '£%%% 



A JU. J 

length of the aaing^ldiationi^ free^w "fbr ^ *° ControI) “ a function of the wave- 

8 ad.at.on in free spa« for two ddfcrent substrates [22]: 7-alpha amylase; 

Fin dr , 2-glucoamylase. 

p.«d t-“ -P— .0 0.hX radiation; h-os- 

of dewlopmoo. ho.woo, «*»*. f“ ta ^ 
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I 


in the frequencies ofThe^h f oKfflat •* m ^ dura * 10n of the cycIe ia connected with the difference 
these ortLonT^ the * * ** ^er synchronization of 

to two hours) «po^£32r^£2 f ^ ^ from several tens of minute, 

radiation, the dfifer^ncein "“" cn ‘ s, 8 nal °f “on-thermal intensity from an external source of e.h.f. 
reflected in the constant of tS Z*Z 2th 06,18 removed and 

through mutual synchronizatio t .2 2 ^ Steps ^ Flg ‘ A s, milar effect can also be obtained 

For t£ it ‘ A ^ • ° Ut rCSOrtin * * “ external emitter, 

can be achieved, in particular by introdurintr 'f As . S 1 howa m 25] amplification of emission 
as antenna (this will be exanfined below in more de'tS)! *' 1SP * DSi ° a l0ng - fibrous mo,ecules actin * 
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The iarge number and regularity of lines m tl» «*» sEl^iw^neigh- 
e.h.f. radiation leads to excitation of multunodal reso^ y of the mean wavelength in the 
bouring resonances in wavelength in ft. f £■ < «£» ^possible t0 determine the number of 

region in which the spectrum is recordedfsee ^ (v/uh this condition AX corresponds to change 
wavelengths in the excited resonance syrteml^“ system, i.e. transition to resonance 

per unit number of wavelength accoromoda example, in the experiments run with cells 

5 the type of oscillations closest to tbe tttJoM .T^Ltped In Terence (121 N* l® 00 <s “ F ": 2> ' 
and deStted in 0>1 1* « 200. I» «» experime nts tomM tot ^ ^ 

The wavelength in the system In order of m ^ m ^ u the „ a ,elength in the 

of the cell (microns to tens of microns) s Ce [24] and this, in turn, indicates that 

excited system is ~ 10 4 times shorter than tha ^‘ h * f vcU^ity of sound (in order of magnitude), 

the waves in a multimodal resonance system spread at stKiCtra indicates that on exposure 

Thus, the experimentaUy established nmm^o oscillations are excited in them [24]. 

the ^113 to electromagnetic radiations acoustic-ciecm 7 m theV are also due to resonances 

^dging'fronl the character of tho action on the ynopagation 

in the cells. For the oscillations to be excited by el “ ^ ^ relatively low. This requirement is 
2 altr.i~lcc.ric occillatitm. in •>»»*«•■ ^d Cil %J . decay a. dirbmocc 4 to. 
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sions. This led to the conclusion that the role of the 

hp.d membranes [27, 28], But the membranes are su^o^ri h SystCms may P*^ 

aqueous salt solutions (hereafter for brevity called an d by ^‘oplasm-a medium representing 
ohm.c losses. Does not this make resomtn characta "“ d by heavy 
tions described in reference [29] showed that the hydronh^ membnmes im P° ssi bIe? The investiga- 
is separated from the hydrophilic (directly contiguous to t h P " t *“ membranes witb low losses 
~ JO A At the same time the above-indicated vTe 0 f mediUm) by ,ayerS ° f thickne « 

responds to fall by an order in the density of the power ftus offhV i™''' Pr ° pagation I06 ) cor- 
Therefore, an e.h.f. field of sharply reduced amplitude reachesih ° W * ~ 10 ^ [30]. 
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Action of electromagnetic radiation, of millimetre wave range on living organhm. 


, „ fPi* ft This is direct confirmation of the fact that the e.h.f. may excite oscilla- 
cases are very clo “ ^ f allows one to tie the observed biological effects of the action 
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fluence exerted on them and changes in the character of functioning. In technical 

lished under its influence detenn g . f certain types of oscillations special struc- 

multimodal conditions of excitation for these types of oscillations, 

tures are used determining , tructure . fixing the type of oscillations could be created only by 

In the case of _ Uvmg action 0 ^ ofthe c . h .f. radiations. The duration of the process 
the organism itself n the ^ conclusion that such structures are formed m the organism on 

of memorization already led * determ ined by the time of construction of the stratum 

exposure to an e.h.f. (see aoov ;, ^ f experiments described m [32]. 
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In the course ofth^ P* continuous is replaced by pulsed irradiation with a power of 

exposure for 1 hr does not cna g ^n-e oower of the continuous exposure 

the pulse radiation equal to t ® p0 ™ « d thc porosity on pulse exposure was equal to six. 

was close to the threshold ™ “ c ^ ^ wgs Mveral times lowcr tha n the threshold value for conti- 
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structures fixing the new (resulting “ b character of the structures formed. Morpho- 

Nor did these experiments allow US to Judge the etoa^ 01 tue , tovt been 

logicl investigations were uee.es.;, “ * - memory [33,. I. - 

widely conducted in connexion wi .. . par ticular, to the formation on their 

of forgetting again pass to the cytoplasm (Fig. 3). 
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„ primarily defined b, chants of 

responds to the natural frequencies of . - re flecting fi). This indicates 

power d« no, depend on the SSL described in ih. 
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previous section stmtiM , , engineering this is natnmll the frequency of the sigonls 

pHmmily depend, on the ehameter 
%£*£££! to other words, the frequency to a far higher degree depend, on the locatton 
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Fio. 8. Coefficient of induction of synthesis of colitsin as a function of the flow density of e.h.f. 

radiation [7], 

Fio. 9. Duration of exposure (f 0 -time of irradiation) as a function of the flow density of e.h.f. 
radiation for an unchanged biological effect: 1 - minimum time taken to synchronize oscillations 
of all cells; 2 -time required to synchronize oscillations of 15 per cent of the cells; 3 -maximum 
exposure time for which synchronization of the oscillations of the cells still does not appear. 

However, the dynamics of the process of formation of informational structures cannot be 
influenced by the power of the signal causing them to form. To identify the nature of this influence 
a series of experiments was run. They determined, in particular, the dependence of the degree of 
synchronization of the oscillations in yeast cells on the duration and power of the signal acting on 
the cell suspension. The results of such an experiment are given in Fig. 9. The character of the 
dependence of the degree of synchronization on time is quite trivial. The greater the initial shift 
of frequencies of the oscillations generated by the cells from the frequency of the synchronizing 
signal the longer must be the process of synchronization determined by the rearrangement of the 
structure adhering to the membranes. Comparison of the dependences of the degree of formation 
of the informational structures on the exposure time and the power of the acting signal allows one 
to judge a great deal. 

As may be seen from Fig. 9, the power of the e.h.f. signal is connected with the time of exposure 
required to achieve a certain biological effect, a dependence close to exponential. With what is this 
connected? The biological effect is determined by the formation of informational structures. It may 
be assumed that acceleration of this process is connected with enlistment for their formation of protein 
molecules from layers of the cytoplasm more distant from the membrane but the e.h.f. field on 
moving away from the membrane drops exponentially (see above). Therefore, for the e.h.f. field 
forming the structures to reach the required value at a larger distance from the membrane the ex- 
ponential drop of the field must be compensated by an exponential rise in the external e.h.f. signal. 

It should be noted that thanks to fall in the amplitude of the e.h.f. field in a direction perpendic- 
ular to the membrane surface the molecules shift under the influence of the field not so much along 
this surface as are attracted to it [34]. Therefore, the process of the action of the e.h.f. field described 
on the molecules in the. volume of the cytoplasm explains not only the process of the formation of 
informational structures on the membranes (see, for example, Fig. 7) but also the process of drawing 
the protein molecules described in reference [35] to the surface of the membrane (Fig. 10) in condi- 
tions unfavourable for the functioning of the cell, i.e. in periods when in it restorative and adaptative 
processes develop. Apparently this process of drawing the protein molecules to the membrane sur- 
face organized by tbe e.h.f. field indicates that the role of the e.h.f. signals is not confined to deter- 
mination of the “direction” of the restorative activity of the cell. They take part in the process of 
mobilization of its resources which is greater and more rapid the more intense the controlling 
signal. 
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tion of the phenomenon, the authors of reference [23] ran the following experiment similar to those 
described above with synchronization of the cell-generated oscillations by the external monochromatic 
e.h.f. signal. The only difference was that irradiation was with a signal modulated in frequency. The 
results are given in Fig. 12 showing that the greater the amplitude of frequency modulation (inevi- 
tability causing some initial desynchronization of the oscillations in the cells) the greater must be 
the power of the signal to achieve in a fixed time period a certain degree of synchronicity of cell 
division. Rise in the power required for synchronization with increase in the amplitude of frequency 
modulation is of an exponential character. 

In line with the analysis made in the preceding section the character of the dependence observed 
indices that in conditions of low coherence of the oscillations in the cells control of their functioning 
calls for high mobilization of the cell resources. This, in turn, may explain why the not-young or- 
ganism with its weakened links (including electromagnetic) apparently already unable to ensure high 
coherence of the generated signals is more subject to disturbances and diseases. Consequently, it 
may explain why in the case of upsets of the functioning of the organism associated with disturbance 
of the intercellular or intracellular links (which would not cause this upset) exposure to external 
coherent e.h.f. signals at certain, i.e. determined by the character of the disturbance, frequencies 
has a beneficial effect on the restoration of normal functioning. 

We would note that the last experiment is very illustrative in terms of showing the non-thermal 
nature of the action of the e.h.f. effect: frequency modulation in a narrow range has practically 
no affect on the energy absorbed by the cells. At the same time as may be seen from Fig. 12, main- 
tenance of the biological effect requires an exponential increase in the energy expenditure. 


( 


INTERCELLULAR E.H.F. LINK AND E.H.F. LINK IN THE VOLUME OF THE INTEGRAL 

MULTICELLULAR ORGANISM 

The preceding sections were mainly concerned with experiments involving intracellular processes. 
However, the experimentally established patterns presented equally apply to multicellular organisms 
and in the last case the local e.h.f. exposures may influence change in the functioning of the regions 
of the body quite remote from the irradiating surface. 

This calls for experiments answering the following questions: 1) how can the e.h.f. signals gene- 
rated by the cells be emitted beyond the cell (we would recall that as shown above the e.h.f. field 
in the normal state of the cell is pressed to the membrane surface over a distance ~ 1 nm); and 2) over 
which channels can the e.h.f. signals in the organisms spread over large distances? 

The first of these questions may be answered by the investigations [24] showing that emissions 
of the e.h.f. signals from the cell may be enhanced if on the membrane surface projections form with 
'a height of several tens of Angstroms especially if several such projections acting as antennae shift 
relative to each other by distances close to the wavelength in the membrane (~ 100 A) for the middle 
part of the e.ii.f. range. In fact, the photographs of the membranes recorded with an electron micro- 
scope corresponding to the periods when the normal functioning of the cells was disturbed in one 
way or another revealed such projections -septa (near-membrane aggregates) with the dimensions 
indicated above [33] (Fig. 13). Such antennae may be used to transform part of the energy of the 
retarded to the energy of the non-retarded wave. 

If the antennae are situated at points of the resonance system at which the oscillations have 
an identical phase, i.e. at points separated by . distances equal to a whole number of wavelengths, 
and the length of the antennae is sufficient to take the oscillations from these points to the region 
where the amplitude of the retaided wave is heavily reduced then in this region the set of antennae 
will excite the non-retarded wave since at each given moment the field at the ends of these antennae 
is identical. Naturally, the non-retarded wave may be excited (though less effectively) by a single 
antenna. 

The main means of propagation in the body over distances of information associated with the 
excited e.h.f. oscillations appears to be the nervous system. The experiments of Sevast’yanova showed 
that anaesthesia like the sectioning of nerve fibres lessens the influence of e.h.f. impacts on the func- 
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ELF ELECTROMAGNETIC FIELDS AS A NEW ECOLOGICAL PARAMETER 

Teraurjants, N.A., Sidyakin, V.G., Makejev, V.B., 
Simferopol State University, USSR. 

Vladimirsky, B.M., 

Crimean Astrophysics Observatory, USSR. 


Summary 

A short review of the investigated problem 'Solar activity and the Bios- 
phere’ is presented below. The research was being carried out by the Sim- 
feropol State University, the Crimean Medical Institute and the Crimean 
Astrophysics Observatory in the years 1972-1985. The main conclusion is 
that the effect of solar activity upon medical and biological processes can 
be explained if one takes into account a new essential parameter in ecology 
- an electromagnetic background field at the Earth’s surface in the VLF - 
ELF range. 


Introduction 

The problem of the effect of solar activity upon the Biosphere is an old 
controversy and has had a long history. At present the problem in question 
hardly seems to attract the attention of scientists. The overwhelming ma- 
jority of researchers considers the effects of solar activity on the bio- 
phere to be a myth or at least a pseudoscientific activity of some small 
groups of ’adherents'. However, we think that there is no basis for such 
an opinion. For the last ten years strong empirical evidence of correlations 
between the indices of solar (geomagnetic) activity and some biological 
parameters (or medical statistical data) has been obtained. In lots of ca- 
ses these correlations have a strong statistical significance, they are 
based on a large body of measurements and have been verified by independant 
groups in different laboratories. Unfortunately, there is no possibility 
here to present a full survey of the literature on the problem. Some impor- 
tant results were published in the collections of the articles edited by 
Gnevyshev, M.N. and 01’, A. I. in 1972 /l/ and 1983 111 (one more paper is 
being prepared: /3/). An extensive discussion of the problem under study 
is given by the authors of the present paper in their monograph /A/. 

The interdependence of solar activity variations and biological processes 
is a widely-spread phenomenon. It has revealed the major divisions of bio- 
logical systematics including bacteriology, entomology, ornitology, etc. 

The same type of regularity is observed in many topics of medicine, such as 
cardiovascular diseases, ophtalmology , nervous system diseases, psychiatry, 
pediatrics, etc. All the data are conditioned by uncontrolled environ- 
mental factors. The most essential feature of this operating agent can be 
defined by comparing the results of various observations. The main peculi- 
arities are as follows: 

1 . The operating physical agent penetrates into a laboratory room but it 
is modified by an electromagnetic screen. 

2. This agent is constantly present, and yet it has diurnal and seasonal 
variations. 

3. Some parameters of the agent (intensity?) change with variation of 
the geographic latitude from the equator to the pole. 

4. The modification of the agent parameters due to solar activity vari- 
ations is controlled both by solar wind variations and ionospheric 
disturbances. 

Of all the known physical factors among the above mentioned characteristics 

169 



Approved For Release 2000/08/08 : CIA-RDP96-00789R0031 00280001 -7 


5 


Annroverl F ^r Pollen onnn/na/na ■ <~ia pnnnc nmnnnnn^ 




the variations of the Earth's electromagnetic field intensity in the very 
low frequency - extremely low frequency range satisfy very well. They are 
the VLF emission of the magnetosphere, the atmospheric and geomagnetic 
micropulsations. Nowadays the electromagnetic nature of the operating fac- 
tors is established by considering the discovery of the biological sys- 
tem's very high sensitivity to electromagnetic fields in the VLF range. 

This discovery seems to be the most important event throughout the long 
history of investigating the problem in question; 

We present here a short review including the major results of the inves- 
tigations done by the researchers of the Simferopol State University, the 
Crimean Medical Institute and the Crimean Astrophysics Observatory. In 
this paper we shall confine ourselves to exemplifying the most relevant 
findings without going into additional details (see also /4/ and the refe 
rences therein) . 

Influence of very weak electromagnetic fields 

Several types of experiments with small intensity alternating magnetic 
fields have been carried out. Fig. 1 shows typical results obtained for 
pigeons. The birds were exposed to a magnetic field of 8 Hz-frequency (in- 
tensity - 5000 nT) for 3 hours per day. To test the nervous system perfor- 
mance the capacity of fulfilling classical conditioned reflexes was used. 

In fig. 1 this is shown by the upper curves as a function of time (1: mo- 
del • 2: experiment). One can see some reduction of the reflexes following 
the exposure to the field (up to 70%). It should be noted that during mag- 
netic storms the reduction of the reflex performance was also observed 
(for details see /5/). An influence of alternating magnetic fields on the 
nervous system of birds measured in different tests was revealed to be de 
pendent upon the electromagnetic field parameters. To study these depen 
dences large numbers of experiments were carried out. 

Spectrum measurement of alte rnating magnetic field 
Biological activity 

Special series of experiments were done to study the frequency-dependent 
field activity. Up to 15 different biological indices for rats were mea- 
sured for each value of frequency. Forty frequencies ranging from 0.01 Hz 
to 100 Hz for the three intensity levels of 5000 nT, 500 nT and 5 nT were 
analysed. The experiments were carried out in a special screened chamber. 

An exposure of 3 hour duration was used in each experiment. The typical 
situation is given in fig. 2. Here the ordinate points to the activity of 
one of the enzymes in the rat's blood. The abscissa indicates frequency 
(Hz). Vertical lines at the bottom are measures of the statistical signi- 
ficance of the difference between the model and the experiment. It is evi- 
dent that the biological effect of the field has a strong dependence upon 
the frequency: at some frequency values the enzymatic activity is enlarged, 
at the other it is decreased. Several hundreds of experiments were perfor- 
med to verify the reproductivity of measurements. As a result, active 
frequencies were revealed. Within the above-mentioned range these frequen- 
cies are as follows: 0.02 Hz, 0.5-0.6 Hz, 5-6 Hz, 8-11 Hz. One of these 
'active' frequencies is close to the standard frequency of Pc 3 geomagne- 
tic raicropulsations (0.02 Hz). An other such frequency coincides with the 
well-known fundamental frequency of the ionospheric waveguide (8 Hz), 'me 
activity spectrum has been found out to be partly dependant upon the field 

intensity. 
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Fig. 1. Condition reflex (2) and motion reaction time (3) for pigeons 
under the influence of magnetic fields and under normal conditions (1,4; 





Fig. 2. Frequency-dependent magnetic field activity 
(peroxidase - PO in neutrophyls) . 
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and field intensit 

Special experiments were also carried out to examine the dependence of 
biological effects upon the field intensity for the only one frequency 
value. An example is presented in fig. 3. In this case only one isolated 
frequency was used - 8 Hz. The ordinate shows the glycogen concentration 
in the rabbit's blood. It is clear that growth in the field intensity 
gives no rise to stronger biological effects. The presence of a certain 
optimum intensity in some intensity range is clearly seen in these expe- 
riments. Thus, the dependence of biochemical or physiological changes 
upon the field intensity has in general a very complex non-linear form. 

It is important to mention that while certain biological and biochemi- 
cal changes were taking place the minimum field intensity for mammalia 
was as small as 0.2 nT (with a frequency of 8 Hz and an exposure time of 
3 hours). For the electric field the exposure was about 0.1 V/m. 

Traditionally, biophysicists have considered specific effects of the 
electromagnetic field in biological tissue to be hardly possible for such 
small intensities. However, over the past two decades we have been wit- 
nessing growing awareness that very weak alternate electric and magnetic 
fields do have clear effects on a living organism. Such effects are, 
of course, hardly explainable in the simplified terras of Joule heating. 

A new approach to understanding these results is necessary (a number of 
reviews on this new branch of investigation, i.e. biological action of 
non-ionising radiation, are available - see /6/). 
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Conclusion 

actSit? influence upon medical and biological processes can be explained 
by taking into account this new ecological agent. 
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Cellular Biology, Microwave Bioaction, Radiation Damage, Repair 


Introduction 

At present a significant body of evidence has 
been collected on the ability of microwaves in the 
millimeter range to bring about biological effects 
including those on the cellular level [1. 2]. It has 
been found that microwaves can influence the 
processes of gene expression [3-5]. The specific 
features of such interaction are dependence on fre- 
quency and also effectiveness of low intensity 
microwave radiation which does not result in sig- 
nificant heating of the irradiated object. One of the 
possible explanations of these facts accounts for 
the influence of millimeter waves on the genome 
conformational state [6]. The genome conforma- 
tional state (GCS) is expressed as the space-topo- 
logical organization of the entire chromosomal 
DNA, which is ensured, among other things, by 
the supercoiling of DNA and DNA protein bonds. 
The GCS changes play a significant role in all ele- 
mentary genetic processes - transcription, replica- 
tion. repair. 

The hypothesis which accounts lor the influence 
of millimeter radiation most evident in the case of 
stressed systems [1.7] among them bioobjects sub- 
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jected to ionizing radiation [6] has repeatedly been 
verified. 

The influence ot millimeter waves on the process 
of the GCS repair after E. coli K 12 cell exposure 
to X-rays was examined in this work. As a test for 
appearance and repair of changes in a chromoso- 
mal DNA we used the method of the anomalous 
viscosity time dependencies (AVTD) in cell lysates 
[ 6 ], 

Materials and Methods 

Microwave and X-ray irradiation 

A block diagram of the experimental unit used 
for microwave irradiation of cell suspension is 
given in Fig. 1. A G 4-141 generator served as the 
source of extremely high frequency electromagnet- 
ic radiation (EHF EMR). In the course of irradia- 


if ififh 


JL 


7 - 

-L u 


Fie i Block diaeram for microwave irradiation of cell 
suspension; 1 - EHF EMR generator; 2 - controlled at- 
tenuator: 3. 6 - directional coupler; 4 - frequency ana- 
lyzer- 5 - measurement line (VSWR-meter); 7 - power 
meter: 8 - pyramidal horn: 9 - cell suspension. 
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, V Belyaev „ a/. Resonance Effect of Microwaves on .he Genome Confonna.iona, S.at. of E. col, CeUs 
tionfhe^noya^^we-- 

^e S, ^^S.Uas.MH,=,of 

-f .0% -‘=*^2:.^ Si„?:™“ SIcoS y, <2%, and LET- 

: rr^^a“! 5 S”dy": 

Petri dishes. 50 mm in diameter, by means of a tween addttion of eaen g ^ ^ ^£ T papa j n 

py r^:"^“^erdS,,y 

S^Tm"diP* EHF^ 30 C for 40 h. af,.r .ha, ,he AVTD were mens- 

irradiation frequencies used the local PD values at ured. 
the surface of the suspension differed by nearly an 

order of magnitude. But frequency changes o Method of anomalous viscosity time dependencies 

± 200 MHz did no. lead » signif-n. change » ^ ^ ^ o „ (he fact lhat in soiu 


the pattern of PD distribution. At the same time 
frequency changes in a wide range (of the order of 
units GHz) could lead to a marked displacement 
of PD minima and maxima up to their inversion. 
In the event of parity of output power in the wave- 
guide. the PD value, averaged over the whole sur- 
face under irradiation, did not change. 

The specific absorption rate (SAR) was ™ eas ‘ 
ured in two ways: by the acoustic method [9] and 
the calorimetric method. The suspension tempera- 
ture was measured by a microthermocouple. 

Cells were subjected to X-rays (XR) using a ra- 


tions of high-polymer DNA. placed in a rotan 
viscosimeter, radial migration of DNA. which is a 
directed movement of macromolecules towards 
the inner cylinder of the viscosimeter (rotor), is 
observed [llj. 

Measurements were carried out m a rotary cy- 
lindrical viscosimeter with an automatic record of 
the rotor’s rotation period [6]. In the unit used, the 
rotor was set in motion by a constant moment ot 
force created by an external electromagnetic field. 

Upon completion of the lysis the rotor was sus- 

* . r* 1 i.mnta avaminm 


Cells were subjected to X-rays (XR) using a ra- ^ ^ meniscus of the i ysate examined, 

diological unit RUP-150. The distance from T herea fter the lysate was placed in a thermostati- 

focus ,o .he s “ s ^ ns | i ° n v wa d S 0 " C ” /oT Gy;min. cally cou, rolled (30 ^C) jacke. of the viscosimeter 

Microwave 3 ^ and X-irradiation of cells was carried for ^ h e “ U electromagnetic field is 

out at ambient temperature. switched on. the rotor starts moving. In the initial 

stage of measuring the rotor’s rotation period (T), 

Preparation of bacterial cells for experiments and 
CS TheT following strains were used in the ^ 

E. coli K 12: AB 1 157 F thr-I ara curve ^ After t h e DNA macromolecules had de- 

proA2 lacGI tsx-33 supE44 galK hisG ited on the external surface of the rotor the ve- 

mgl-5 1 rpsL 3 1 xyl-5 mtl-I argE 3 hi- 1 \ _ rac P Qf ^ rotation decrease d to the value typical 

G62 F + proA23 lac-28 trp-30 his-51 rpsLR and y solvent , The dependence of the rotor's 

also strain RM 1 17 which is isogenic with strain Qn d in the cell lvsate on the time after 

AB 1 1 57. Cells were cultivated by standard meth- rotatlon starts (t) is called anomalous 

ods in Luria broth or minimal medium M-9 [10], tne depende nce. 

The E. coli cultures used m the experiments were sh * uld be noted here that AVTD cannot be 

kept in spreadings on the Hottmger nutnen ag observed in pro tein solutions, because radial mi- 

at 3-4 C C. , . , . o „ r ,. tirm doesn’t take place in solutions of mole- 

Before irradiation. cell* . from the . ugh . ool.ur ^ ^ ^ (han D [1 !]. The param- 


ai3U ouum ’ , , 

AB 1157. Cells were cultivated by standard meth- 
ods in Luria broth or minimal medium M-9 [10]. 
The E. coli cultures used in the experiments were 
kept in spreadings on the Hottinger nutrient agar 

Before irradiation, cells from the night culture 
were resuspended in concentrations of 3 — 9 * 
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t of the AVTD curve in the cell lysate are de- 

• nM a lQ^nciation with var 
on the DNA nativity, DNA associau 

c _ rnteins t he microenvironment, etc. The ro 

ious proteins, \ w hich in this 

tor's maximum rotation period (?««) 
method is the most sensitive parameter character 
izing the genome conformational state of . 
cells was obtained from the AVTD curve- T 
measurement error of the rotor's rotation period 

was 2% . 


Results 

c c II rells with doses ot iu 30 
Irradiation of E - C °[\™" TD curve of the cell 
Gy leads to change cauS e Qf these 

lysate (Fig. 2, curve 2). The majo 

changes is the considerable grease of T, Aft. 

pos, -irradiated cell meuba on fcrJO^ ^ 
depending on the dose f curve (Fjg 2 . 

complete recovery ns that during this 

CUrVC A '°G < bs of" thl irradiated cells returned to 
period the GCS sense that we use the 

the control leve . It is in t ional state . 

cells were exposed with- 

frequency sw, ' c ”'';' 4 0 MHz during 30-90 min. 
in the range of about -UU cell 

Fig. 2 (curve 4) shows the AVTD curve 


VJWMW..— — 

irradiation within the 51 ’“' 

51.78 GHz microwaves in this range ef- 

It can be seen that micro To assess lhe 

Sirs" r r £ V ar “ r 

irradiation. we used the follow, ng ratto. 

_ f v-'~ ^nian dl 

^ UXRM-^XR 

* f - the average maximum rotor's rotation 

peSd ta the lysates of cells lysated immedtately 
after X-irradiati™ 

riod in the lysates of cells lysated after 
X-irradiation and subsequent incu scion - 

f - the average maximum r PHF 

period fn the lysates of cells subject^ to EHF 

EMR during the rad,aU °”:'” h ““dependencies .on 
effective microwave ranges th P 

frequency were determine^ ^dialed with 

In these experiments, cens , tn 1S m : n 

microwaves of a certain frequ ^ y °" value of 
after X-irradiation. To ^ in 

the rotor s m A.VTD measurements 

each of the -*«££ determined by 

the rang", neri. 51.62-51.84 GHz (s.ram 




Fiu 
G 62 
3 - 
lion 


2. Anomalous viMmUy ume^pendencies^o^o g 

Sf fflfc ® - '““ ba - 

under the influence of EHF LMK. 


Fig. 3 . Frequency- de^^HF M ^; n7 

radiation-induced repair ol lhe °Cb 
cells (20 Gy: 15 min. 3 mW-cm ). 
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rotation oeriod derived from AVTD 
Table I. Values of the maximum ^rotor s d after X-irradmUon 

curves obtained in lysates of E -‘ 0 £ ^ti O n with EHF EMR (200 qW/cm 2 ) in 
(20 Gv), subsequent incubation or irradiation w 

the course of incubation. 


Control 


7.0 ± 0.3 


26.2 ± 1.0 




10 

14.0 

123 

12.8 ± 0.6 

p < 0.0004 


41.25 

12.1 



41.30 

10 

7.2 

6.4 

7.2 

6.9 ± 0.3 

p < 0.0001 

XR 








10 

0.9 

10.1 

9.7 ± 0.4 

p < 0.0002 

+ 

41.35 

10.1 



EMR 


10 

9.7 

11.2 

11.0 ± 0.7 

p < 0.0004 

+ 

41.40 

12.2 



I 


10 

16.2 

17.3 

16.7 ± 0.3 

p < 0.001 


41.45 

16.6 





10 

15.2 

16.2 

15 . 6 ± 0.3 

p < 0.0006 


41.50 

15.6 




* Standard error. 


1 17) and 41.25-41.50 GHz (strain AB 1157). 

to °ri“of 00 MHz and resonance frequencies 
£ 5U6 OHZ and 4U2 GHz resp^tjvely^to tH= 

Sated by acoustic and calorimetric methods, 
estimated by 22 mW/ respectively. 

Sng of the Sll suspension, when irradiated, 

did not exceed 1 "C. The ;* ^"^“^nd. 

ied W at l pD= < ^W^W/cm 2 with heating not exceed- 

So^^.^rosnppressionofmnair 

10 min). 
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processes. We also studied the deaden™ ofstg 

pression of radiation-induced GCS repair on FU 

of the microwave exposure at the . 

auency. The power dependence of x is shown in 

Fig. 5. Starting with a PD of 1 ^QCS repaid ^ 
for 5 min significantly suppressed GCS repair. 
Anointed out above. Fig. 3 shows a frequency 

dependence within the **-**<*%£»* 
RM 1 17 strain. But this microwave irradiation wa 
effective in repair suppression for the other strains 
used- AB1157 and G62. Altogether P 

ZL were carried out, each revealing statically 
3S suppression of repair processes by 

microwaves at frequencies of this 

An EHF EMR effect on the genome conform 
tional state was also discovered in the case of in- 

verse sequence of, “VT^hEH “eMr' at to 
X-ravs. Irradiation of cells with EHF hMK aiinc 

51.78 GHz frequency (that is close ^ato r 

nance) before X-irradiation prevented the process 
of radiation-induced repair (Table II). 

Table II. Values of the maxl ^^ ™ t °ffe C t ^HF^M R 

od i» US .» iTSl/xR poor) on 


E. coli RM 1 1 7 cells . 

Type of 

fnm± SE 

[SI 

Significance level 
as compared with 

effect 

XR + I 

Control 

XR 

XR + I 

EMR + XR + I 

17.1 ±0.9 
6.9 ±0.1 

p<0.04 

p< 0.02 

12.5 ± 1-4 
7.2 ±0.2 

p< 0.003 


Discussion 

it u generally accepted that biological mem- 
It is generally v hmica l a nd electromag- 

branes arere^rsofchemi those 

=5S^--s=?S 

So^,"rs" 

ttes d«Se frequencies of resonant interacuom 
XT™ number of model studies microwave 
effects were detected that had been causmi by a 

change in the ion membrane transport [13 15J. 
cnange iu u„ ATT1 hrane" effects examined 

But the microwave membrane . 

’ did not depend on the EMR frequency and there 

toe do n^pertnit explanation of the resonance ef- 

feet on the processes of cell development and gene 
expression.*!! appeared to us that a pronuig ex- 
nlanation of these observations could be supphed 
bv the notion of the role of the genome conforma 

tional state in forming cell's res ° na ”“ '^Twe 
the millimeter wave exposure. I" »< h “ 
assumed that parameters of the GCS, . - P 

pological organixadon of ^°™“”l™ A ; v ent 
tetmine resonance frequencies. Ir such 
the GCS would be sensitive to the effect 
waves of certain frequencies. 

foTy when DNA 

break is induced per E co/i 

ready made it possible to assume that the AVI L> 
is sensitive not only to damages of the sug 
“XsphStonds of the DNA smmndary struc- 

ture The AVTD sensitivity to other changes o 

Tome information, particularly those caurnd 
hv DNA-protein bonds, was confirmed by the e 
oerTents we carried out [1 6]. The results obtained 
P h courS e of our work indicate that repair o 
‘he genome conformational state of bacterial cells 
after ionizing irradiation is highly sensitive to the 

resonance effect of millimeter waves 

The microwave effect discovered cannot be ex 
pla^d by trivia, heating. This was borne out by 
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FREQUENCY RANGE OF THE AUDITORY 
EFFECT OF U.H.F.* 



R- E. Tigranyan and V. V. Shorokhov 
I nstitute of Biological Physics, U.S.S.R. Academy of Sciences, Pushchino (Moscow Regie.) 

( Received 5 August 1986) 


aCOUStlC Sl8nal fr ° m an e,ectrod - vna '™ emitter over the 

SSTSit ^the zeroL^i!^ the firSt time in a experiment. I. is 

sequence of J h f 5° ? C ° UStlC ‘° nal S, ' gnaI and ,he first harmonic of the pulse 

sequence of u.h.f. are fixed most clearly at the points corresponding to low threshold value 

in the threshold curve of the u.h.f. auditory effect. 


1 terminati ° n ° f the boundaries of ^e frequency range of radio 

.and lw'T! y u hUmanS 11 WaS Sh ° wn that ft is ,imited downwards by the value 8 kH: 
.- “ pwa J ds b y the mtrinsic high-frequency boundary of hearing (h.f.b.h.) of the 
subjects. However, our findings [3, 4] obtained in various physical models pointed k 
possibility, in principle, of human perception of the whole sound range and no 
m P , ar . ° U ' n P artlcular > this followed from experiments on a two-contour resonant 
model based on the most fundamental principles known from the theory of hearinf 

I tW °' C ° nt0Ur m0deI fu]l y reflects the mechanisms of hearing aiw 

he existing analogues of these mechanisms, isolates the first harmonic * 

f* tk I*™! Wlth ° Ut Conflicting with the Physiological and neurophysiologic* 

■ e abseBCe of re sidual sound [2] in the preresonance region in the nature 

experiment [1 ] may be explained by the following factors. 

I’ ^fficient attention of the subjects during the experiment to establish the pre- 
sence of beats at low frequencies. 

2. The high level of noise (~40 dB above the hearing threshold) in a room where the 
natural experiment was run. 

3 The low amplitude of the frequency of the beats at the mean level at low rcpc'’ 
tion frequencies of the u.h.f. pulses. 

4. The insufficient power of the u.h.f. pulse taking into account the fact that with & 
in the repetition frequency of the u.h.f. pulses the threshold rises. 


» 


* Biofizika 33: No, 2, 349-350, 1988. 
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Distribution of heavy carbon isotope ( ,3 C) 377 

Since rise in power in the pulse is not without danger we carried out the experiment 
detect the beats in the preresonance region (1-7 kHz) in conditions of a substantially 
* r noise level ( 20 dB). Irradiation was at a carrier frequency of 800 MHz u sing a 
^poitla r waveguide of section 150x270 mm 2 , the power in the pulse ~ 120 W. 
^^ainsity of the fluxofpower (dXp.) in the pulse was 0-6 W/cm 2 . The parietal 
• on of the head was irradiated as in the previous experiments. The duration of the 
pulses chosen was up to 25 /tsec . The tonal signal was delivered to the subject 
trough earphones of a GS-100I generator. The repetition frequency of the pulses 
d the frequency of the tonal acoustic signal varied from 1 to 7 kHz, both these para- 
_ ters being controlled with a ChZ-34 frequency meter. 

At a repetition frequencies of the pulses of 1-3 kHz the sound was perceived only 
w nne subject. Starting from 3 kHz the sensation of sound became more intense. With 
further increase in the repetition frequency of the u.h.f. pulses the sound was confi- 
dently perceived over the whole range by all the subjects. The presence of beats with 
m acoustic tonal signal in order to shorten the radiation time was chacked at the points 
•here perception in the opinion of the subjects was most distinct. For the first subject 
•Jicse frequences were 3-58, 4-21, 5-23 and 6-99 kHz, for the second 4-01, 5-33 and 6-99 
tfz and for the third 3-80, 4-74 and 4-97 kHz. At these frequencies all subjects clearly 
recorded zero beats in a tonal acoustic signal. 
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DISTRIBUTION OF THE HEAVY CARBON ISOTOPE 
( 13 C) IN BIOLOGICAL SYSTEMS* 

Ya. M. Varshavskii 

Institute of Molecular Biology, U.S.S.R. Academy of Sciences, Moscow 
{Received 8 July 1 986) 

The question of the reasons for the fractionation of the 1 J C carbon isotope in biological sys- 
tems is considered. Analysis of the existing experimental data and also theoretical considera- 
tions indicate that the differences observed in the isotope composition of the carbon of biomo- 
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to microwave irradiation is explained by the difference in theii properties correlating with cell size. 
Fall in excitability of the high threshold motoneurones results from change in the conductivity of 
their membrane on exposure to microwave heating. Rise in excitability of the low-threshold moto- 
neurones is apparently linked with activation of the presynaptic excitatory inputs under the influence 
of microwaves. 
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A spectral analysis has been made of the mechanical oscillations excited in spherical liquid models 
of radiosound by u.h.f. pulses. It is shown that the fundamental resonance frequency is determined 
by the relation cjla where c is the velocity of sound in a liquid and a is the radius of the sphere. 
The presence of an aperture in the sphere leads to the appearance of frequency components corre- 
sponding to a Helmholtz resonator and a four-wave resonator. It is assumed that these components 
must be absent in the prototype. It is concluded that the low quality factor spherical model satis- 
factorily reproduces certain essential features of the effect of radiosound. 
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POSSIBLE MECHANISM OF THE SPECIFIC ACTION OF 

PULSED U.H.F. FIELDS* 


R. E. Tigranyan 

Institute of Biological Physics, U.S.S.R. Academy of Sciences, Pushchino (Moscow Region) 
( Received 29 May 1986, after revision 20 January 1987) 


The conditions of excitation of mechanical vibrations by u.h.f. pulses in model liquids have 
been studied experimentally. The possible role of the different types of excited elastic wave* 
in the formation of specific effects of pulsed u.h.f. fields is reviewed. The biological significance 
of the excited shear vibrations by u.h.f. pulses is demonstrated. From the results a hypo* 
thesis is suggested on the acoustic nature of the mechanism of the specific effects of pul*<4 
u.h.f. fields as a result of generation in biological objects of shear waves by u.h.f. pulse** 


Thb ident ification of the mechanism of the biological action of pulsed electromag*** 
fields (e.m.f.) of ultrahigh frequency (u.h.f.) is becoming exceptionally important , 
the wide adoption of pulsed u.h.f. instruments and systenft with the most varied 
tions. Enormous factual material has been gathered and different hypotheses o* ; 
mechanism of action proposed. , j 

t Many effects called non-thermal (specific) have still not been properly , 

' Such effects include disturbances associated with the functioning of excitable 4 

that are quite inexplicable from the standpoint of the quantity of absoroed enev , 
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Specific action of poised uJtf. field* 

l ; Acts ri— 51. The effects describedin these communications most clftetijr de* 
t**' f ^ presence of an unknown pathway of the transformation of the absoi jm 
ft**** t icu.h.f. energy. Eidi [6] notes that there must be a certain transfer function 
^^oSiative than the heat released between the cell and the electromagnetic wave 
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w Schematic of <he "■»"»»« nod. efte 

, . • t \r nrp than twenty years ago Kamenskii [7] investigating the 
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omc m'ch“ oHhe biological action 
rf JLdtmfJ,. transformation of part of the absorbed etectronm^etrc ene gy 
S prte into quite interne mechanical vibrations capable of actively ntani : «• 
S r^e object is taken as a transfer fturction. I. is l^lj titot “ 
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mechanical vibrations. The authors of the present paper had hm Merest 
phenomenon in connexion with the results of comparison of some non-thermal m 
Stations of the action of pulsed u.hi. fields and the action of ultrasound on oh j f s of 
“w^t turns out’ that the effects observed are qu^itativ. y — 

This led to the conclusion that dttring the pulsed action of uAXm S 1 ) 
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quite intense mechanical vibrations must be excited capable of actively influencing the 
functional state of the object. Yet the calculated pressure values of the mechanical vibra- 
tions presented in [9, 19] are lower by 4-5 orders (by 8-10 orders in intensity) than those 
capable of leading to functional or pathological disturbances. To clarify the question 
' we ran a series of experiments on model systems -liquids of organic and inorganic 
origin and biological objects (the intact brain of the rat, a preparation of the frog tibia] 
nerve and an erythrocyte suspension. 

The block diagram includes a u.h.f. generator with a pulse power of 70 W at a carrier 
frequency of 800 MHz, a rectangular waveguide in the running wave regime, a piezo- 
ceramic mechanical vibration detector, a linear amplifier and a Sl-54 oscillograph. 
The objects were irradiated in a tube positioned in the diametral plane of the waveguide. 
Figure 1 presents the design of the node of fixation of the tube and recording of the 
’ mechanical vibrations excited in a liquid. The power flux density in the pulse in the wave- 
guide was 2 W/cm 2 . The height of the liquid column in the tube was varied from 30 to 
50 mm. The test of whether these vibrations actually originated from the test liquid was 
the velocity of sound in a given liquid determined from the relation [20] 

C=4lf 

or 








C=4//ndr, j 

where / is the height of the liquid column, cm;/is the frequency of the excited mechanical 
vibrations, sec -1 ; Ax is the time marking of the sweep of the oscillogragh, sec; n is the 
number of markings per period. The liquid column is regarded as a four-wave acoustic 
resonator. The duration of the pulses in the experiments ranged between I0 -5 and 10"* 
sec and the repetition frequency was 10-10 4 Hz. Figure 2 presents an oscillogram of the 
mechanical vibrations excited in ethanol. With change in the duration of the u.h.f. puls* 
periodic changes (maxima and minima) in the amplitude of the excited mechanical 
vibrations were observed. The amplitude of the resulting vibration is determined by the ; 
relation 1 


A f 


■[4 


COS 


(«+£*■)]*. 


where^i “^0 *”**; A 2 *■ A 0 e~* (, ~ u) are the amplitudes of thedying oscillations excited if 
the leading and trailing edges of the thermal pulse. Thus the fronts of the thermal pul* 
may be regarded as two independent sources of mechanical vibrations. Such an appro®** 
to the effect observed is also supported by the fact that with change in the duration oft** 
wide u.h.f. pulse (for a duration of the u.h.f. pulse equal to several periods of the excite® 
mechanical vibrations) the amplitude of the mechanical vibrations excited by the lead*# 
edge remains unchanged and only that of the mechanical vibrations excited by the 
edge of the thermal pulse changes. With change in the duration of the u.h.f. pul se **** 
only does the amplitude of the vibrations change bin; also the character of the **7 
process— at Ti=*(2n+ 1)7/2 the process of generation of the mechanical vibration * 
continuous if the repetition frequency of the u.hX pulses is close tp the resonance ” 
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Fio. 2. Oscillogram of mechanical vibrations excited in ethanol. 

. * 

_ o[|CV 0 f the object or waning: at t t =/»r it degenerates into packets of mechanical 
^wions following at the frequency of the u.h.f. pulses ( T is the period of the excited 
Mechanical vibrations). The pressure amplitude may be evaluated from the sensitivity 
JJthc detector equal to 10“* V-dyne“ ‘-cm 2 . For ethyl alcohol this value was ~0-3N/cm 2 
an amplitude of the signal on the detector of 20-30 mV. From this one may determine 
Ihe intensity of the excited mechanical vibrations using the known relation 

I, W/cm J =p 2 /2pc. 

Substituting the values presented we get 7—3 x 10 -4 W/cm 2 . For 1 M NaCl solution we 
obtained respectively 0-1 N/cm 2 and 10" 5 W/cm 2 . The values of the pressures and inten- 
sities of the excited mechanical vibrations obtained correspond to the resonance of the 
models used. At frequencies of U.hX pulses not equal to' the resonance frequencies or 
their subharmonics the amplitude of the electric signal of the detector falls 50-100 fold. 

Thus the system studied when exposed to a pulse of electromagnetic energy must be 
regarded as a contour of impact excitation in which on exposure to an external pertur- 
bation free vibrations appear with a frequency close to that of resonance i.c. in evaluating 
pressure and intensity the quality factor of the system must be heeded. In pure liquids as 
is known only longitudinal mechanical vibrations are excited. In heterogeneous systems, 
for which the shear modulus G^0 on excitation of the longitudinal waves, shear waves 
are also excited. Consequently, in a real biological object a shear component with a 
frequency equal to that of the longitudinal wave will also be present. 

If we start from the known findings that the velocity of the shear wave is less by 2-3 
orders than that of the longitudinal wave and attenuation is 10 s times greater [21] then 
for the frequency range of the excitable mechanical vibrations ~ 10 4 Hz (which is ob- 
served in many experiments) the intensity of the shear vibrations may be evaluated as 
follows. For an intensity of the longitudinal waves ~10“ 6 W/cm 2 in the absence of 
resonance the intensity of the shear vibrations is 1 per cent, i.e. 10 * W/cm . In view of 
the heavy attenuation, the energy of the shear waves is expended on - ie run of 2-3 

wavelengths, i.e. at adistance ->'300 pm. If the heterogeneities of the object are regarded as 

point sources of such waves then in a sphere of 3* 10 “ 2 CTO radius surface area s— 10 
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cm 2 and volume V= 10“* cm 3 , the density of the energy will be 10~ 2 W/cm 3 . It may be 
assumed that the maximum action of the shear waves will occur at the boundary of the 
lipid membranes in view of the considerable difference in the dielectric constants of 
the membrane and ambient medium leading to increase in the local energy of the u.h.f. 
e.m.f. by three orders. In this case the energy density of the shear waves will reach 10 




Fio. 3 Fio. 4 

Fio. 3. Relative changes in the speed of conduction of the wave of excitation (1) and the amplitude 
of the action potential (a.p.) (2) of the nerve preparation on synchronization of u.h.f. irradiation 
with the latent period. I' and T — Results of control measurements with change in the speed of con* 
duction of the wave of excitation and amplitude of the action potential. 

Fio. 4. Grange in the speed of conduction of the wave of excitation (I) and the amplitude of the *> 
tion potential (2) of the nerve preparation on thermal heating. 

W/cm 3 . Thus, even in the case of non-resonance excitation of the mechanical vibra- 
tions the energy density of the shear waves is biologically significant and far exceed* 
the threshold values. 

Comparison of the results on the non-thermal effects of u.hX pulsed e.m.f. on 
table structures with data on the effects of ultrasound showed the single direction ct 
the effect record, d. Thus, on exposure of the frog nerve preparation to u.h.f. P^ 5 ** 
lasting 3-5 msec with a repetition frequency of 17-23 Hz the speed of conduction 
the excitation wave and the amplitude of the action potential (q.p.) decrease (Fig- ^ 
on total heating of the preparation by not more than 1 K, the shifts of the parameter* 
studied being observed on synchronization of the u.h.f. pulse with a latent pe 00 "* 
With a shift of the u.h.f. pulse in time relative to the latent period the effects disappe * ^ 
the values of the recorded parameters concur with those for the control objects P*r 
Thus, for equality of the u.h.f. energy supplied in the two case the effect is manife* 
only on synchronization of the u.h.f. pulse with the active state of the preparatin*' 
A qualitatively similar picture is seen for preparations of the isolated frog heart *** 
innervated muscle [2, 3], Hjating these preparations ought to lead to the known 
site results [23] (Fig. 4). It is significant that for all the preparations indicated inert***' 
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jg the repetition frequency, i.e. increase in the density of the nmvor #<„_ . . . ... 

“ d ****** •*>***! of the elfcet wfth those 

7 » valu “ of t tle ™pa«les Of the gnm ■ 

I id vibrations obtained and also the evaluation of the volumetric energy density of 

the «*<*r waves ^ ^ <^aw a conclusion on the biological significant 

Iter on their excitation by u.h.f. pulses. & gnmeance of the lat- 
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PHYSICAL modelling of the acoustic effects on 
EXPOSURE OF BIOLOGICAL SYSTEMS TO U.H.F. FIELDS* 


R. E. Tigranyan and V. V. Shorokhov 
Institute of Biological Physics, U.S.S.R. Academy of Sciences, Pushchino (Moscow Region) 

( Received 5 March 1984) 


A physical model of radiosound is proposed based on the phenomenon of excitation of 
mechanical vibrations in liquid medis ou absorption of the energy of u.h.f. pulses. It is 
shown that a restricted volume of liquid may be regarded as an acoustic resonator with a na- 
tural frequency of vibrations. Interference occurs for certain ratios between the period of suc- 
cession and the duration of the pulses. Oscillograms of the mechanical vibrations recorded 
are presented. An explanation of the low frequency type of radiosound is offered. It is con- 
cluded that the proposed method of investigating the phenomenon of radiosound is correct. 


Work on the effect of radiosound [1-5] has reliably confirmed the appearance of sub- 
jective sound sensations on irradiation of the human head with a pulse-modulated 
u.h.f. field. Nevertheless, there is still no conclusively formed idea of the mechanisms 
of origin of such sensations. The socalled thermo-elastic hypothesis of the mechanism 
of radiosound proposed by Lin [6] is the best researched and most consistent. Its es- 
sence is to assume that absorption of the energy of the u.h.f. field occurs not uniformly 
over the whole volume of the brain but is concentrated in its very narrow regions 
( ‘hot spots”) with their subsequent rapid thermal expansion and detection on the 
•'hull bones. Thanks to the presence of bone conductivity the mechanical vibrations 
reach the organs of hearing where the sound image also forms. But since the author 
of this hypothesis regards the head as an acoustic resonator he derives a number of 
consequences consistent with some experiments on radiosound. However, this theory 
cannot explain a large body of experimental evidence and is in conflict with some of 
u. Therefore, it may be desirable in older to define certain aspects of this phenomenon 
so stage experiments on models which would exclude a subjective evaluation by the 
abject of a particulai characteristic of the effect. Foster and Finch observed excitation 
m u cubic vessel with a side of 300 mm filled with 0-15 m K.C1 solution of mechanical 
vibrations on exposure to a pulsed u.h.f. field [7], This phenomenon was taken as the 
basis of our experiments. 
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In choosing the conditions of the experiments the authors sought to follow the 
parameters and characteristics of the objects known from the liteiature on the pheno- 
menon of radiosound and also the conditions of earlier experiments. 

As objects we used 1 m NaCl solution and ethyl alcohol poured into tubes with an 
internal diameter 7 mm and height 100 mm. The height of the column of liquid changed 
within the limits 30-50 mm. The choice of 1 M NaCl solution is explained by the fact 
that the electrical and acoustic parameters of a given liquid, according to [6], correspond 
to the parameters of brain tissue. The choice of ethyl alcohol was largely arbitrary though 
dictated by the wish to show that the advent of mechanical vibrations on irradiation 
with e.m.f. pulses is not exclusively the property of electrolytes but occurs to an equal 
degree for non-conducting pure liquids. Irradiation was carried out in a rectangular 
waveguide with section 31 x240 mm 2 . To raise the concentration of the field in the 
zone of the tube on the wide wall of the waveguide was sealed a brass tube of height 



Fig. 1. Circuit diagram of experimental apparatus.^ 

50 mm with an internal diameter 14 mm. The power of the generator in the pulse was 
72 W, the repetition frequency of the pulses changed within the limits 10-3000 * 

and the duration of the pulses was 10 //sec-1 msec. The mechanical vibrations excite 
in the liquid were recorded by a bimorphous crystal. The variable electrical signa 
recorded from the detector was amplified with a UBP1-02 bipotential amplifier an 
[ recorded on the screen of a S1-19B oscillograph. As source of u.h.f. e.m.f. we use 

I modified GS-6 generator, carrier frequency 0-8 GHz. In [6, 7] this P hen0 ^ n °V'^ 

considered on exposure to e.m.f. pulses with a cairier frequency of 918-2 
| from which it may be concluded that the character of the effect over a wide fre 3 uel 7' 

I range is quite general. The apparatus at the disposal of the authors operates a <■ 

frequency of 800 MHz which is quite close to the values presented in the litera ^ 
Modulation of the u.h.f. vibrations with pulses of square form was carried out wi ^ 
a G5-54 generator. The circuit diagram of the apparatus is indicated in Fig. 1- >8“ . 

shows arrangement of the tube with liquid in the waveguide and bimorphous 
used as detector of the mechanical vibrations. Preliminary investigation estao 
that the amplitude of the vibrations in the tube filled with ethyl alcohol is consi e ^ 
higher than in the case of NaCl solution. Qualitatively the character of the I! forCp 
for these and other liquids used in the experiments completely matches. The 

• 
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fo r convenience of description below we give the results obtained for ethyl alcohol 
jf no special qualifications are made. 

Figures 3 and 4 give the oscillograms of the mechanical vibrations for the dif- 
ferent time parameters of the e.m.f. u.h.f. pulses. For long durations (Fig. 4) the vibra- 
tions excited by both fronts of the thermal pulse are clearly, visible. The vibration in 
the duration of the e.m.f. u.h.f. pulse with interference between the mechanical vibra- 
tions excited by the leading and trailing edges is observed. The periodicity of the ap- 
pearance of the maxima (minima) of the amplitude of the mechanical vibrations r 
s l //where /is the frequency of the vibrations excited in the liquid, is inversely propor- 
tional to the height of the liquid column. J y V 

The graphs (Figs. 5 and 6) indicate the dependence of the amplitude of the excited 
mechanical vibrations on the duration of the acting pulse. The frequency of the mechan 
ical vibrations was determined from the zero beats between these vibrations and the 
acoustic signal from an electrodynamic emitter. The emitter was 30 cm away from the 
tube with detector. At the moment of equality of the frequencies of the tonal acoustic 
signal and the mechanical vibrations excited in the liquid zero beats were observed 
on the oscillograph screen. In this case the detection itself served as a vibration mixer 
Simultaneously on rearrangement of the frequency of the sound generator beats are 


tor in the psllt 
limits 10- 
il vibrations' 
ble electricai 



Fio. 2. Arrangement of tube with liquid in waveguide and bimorphous crystal in tube- 1 - detec- 
tor of mechanical vibrations (bimorphous crystal); 2 - test liquid; 3 - packing (fluoroplast)- 4 - co- 
axial cable; S - test tube; 6 - tube; 7 - waveguide. 



Fig. 3 



Fig. 4 


:# &o. 3. Mechanical vibrations exdted in ethyl alcohol with a short u.h.f. pulse (duration of pulse 
. les » than the half period of mechanical vibrations). 

I Mechanical vibrations exicited in ethyl alcohol with a wide u.h.f. pulse (duration of 

* the puise amount* to several periods of the mechanical vibrations). 
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Fig. 5. Amplitude of mechanical vibrations excited in 1 m NaCI solution as a function of the du- 
ration of the u.h.f. pulse. 

Fig. 6. Amplitude of mechanical vibrations excited in ethyl alcohol as a function of the duration 

of the u.h.f. pulse. 

observed between the repetition frequency of the e.m.f. u.h.f. pulses and the fre- 
quency of the acoustic vibrations from the electrodynamic emitter. The beats are re- 
corded whenever the frequency of the acoustic vibrations is a multiple of the pulsed 
repetition frequency. As an example. Fig. 6 gives the oscillogram of such beats. The 
frequency of the acoustic signal is 6 x 10 3 Hz and the pulse repetition frequency of 
the e.m.f. u.h.f. is T5x 10 3 Hz. Zero beats may be observed when these frequencies 
ate equal. 

An interesting feature of the experiments is that the vibrations excited in the liquid 
have an intensity sufficient for their auditory perception from a distance of up to I m. 
The beats of the acoustic signal and vibiations excited in the liquid may also be per- 
ceived by hearing. In this case the mixer of mechanical vibrations emitted by the tube 
with liquid and electrodynamic emitter is the auditory apparatus of the observer. The 
zero beats on hearing may be recorded in parallel with their visual observation on 
the oscillograph screen. The values of the frequency of the natural vibrations of the 
liquid obtained by the method of zero beats recorded by the detector concur with 
those determined on hearing. 

Similarly, parallel recording on the oscillograph screen and on hearing of the maxima 
and minima of the amplitude of the free vibrations the appearance of which is due 
to the presence of interference in the vibratory system is possible. Interference appears 
not only through change in the duration of the pulses (Figs. 5 and 6) at a low frequency 
of their succession. With increase in the repetition frequency of the pulses and l or a short 
duration of them the excited mechanical vibrations do not have time to wane in the 
pauses between pulses and starting from a certain value of the repetition frequency 
interference of the mechanical vibrations is also observed: with agreement of the signs 
of the initial phases of the vibrations their amplitude grows, in counter-phase the 
vibrations die away (Fig. 7). At these moments a lower tone corresponding to the 
pulse repetition frequency is clearly perceived. In the experiment increase in the in* 
tensity of the low frequency vibrations perceived on hearing is noted with fall in lh c 
repetition frequency of the pulses down to 10 Hz. This is explained by the fact th3t 







Acoustic effects on exposure of biological systems to u.h.f. fields '* 

in the energy spectrum with fall in the pulse repetition frequency the amplitude of the 
lo w frequency spectral component increases [8]. The tone corresponding to the free 
vibrations -of the system is perceived on hearing starting from a pulse repetition fre- 
miencv of the order 250 Hz. 






Fra. 8 


Fig. 7 

Fig . 7. Beats between pulse repetition frequency and frequency of acoustic signal, a multiple of the 

pulse repetition frequency. 

Fig. 8. Quenching of excited mechanical vibrations as a result of interference. 


We also ran experiments on the character of the mechanical vibrations in liquid-fi ied 
beads on their irradiation with pulsed e.m.f. u.h.f. All the other conditions corresponded 
to those described earlier. A bead of diameter 20 mm with a tube 9 cm long fiHedwith 
“hvl Lohol has a resonance frequency of about 9 kHz and filled with 1 M NaC 
solution of the order 11 kHz. For a bead of diameter 30 mm with a tube 8 cm longt 
corresponding values are 6-4 and 8 kHz. A sealed 30 mm bead containing alcohol has 

'ThrruhTp“rmU°o™ assumptions on the possible mechanism of fadiosound. 
The clarity of the effect investigated in the experiments, the possibility of direct auditory 
percemion and visual observation on the oscillograph screen of the vtbrattons excited 
in the liquid on irradiation of the tube with pulsed e.m.f. u.h.f. support the assumption 
that the effect of radiosound is due to the same processes as generation of sound vtbra- 
lions in a test tube containing liquid; namely; transformation of the diminishing emf 
energy into the mechanical energy of the absorbing substance. From this point of 
view the object on which the investigations were carried out may be regarded as*PJ 
deal model of radiosound and the results of the model experiments be interpreted in 
relation to this phenomenon. However, it should be noted that within the > model de- 
scribed it is no. possible to explain the effect of high frequent * radtosound (9 0) of a 

atm-resonance character. But, if one starts from the fact that the measured 
in temperature in the tube was 0-l”C see-' for 1-5 cm' UN.O solutionforapulc 
porosity 20 then the UEM for this object has a value of the order *4 kW/kg 
pulse. The calculations show that for such a UPM the power absorbed by the lute 
must be about 8 W in the pulse. Accordingly, to excite the mechanicrd 
the same amplitude in a volume of 2-5 x 10> cm' (the volume of the head of the ; human 
mult) a pulse power of the generator of not less than 13 kW ,s necessary. Naturally, 
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in our experimental conditions such 

*<■» would T 

r.rssrsu 

lln Lin“lh^ rSTS^hSd-ta. the chmacrcrisdcs of ^ effect of 

of a detinite repeUtio. frequency hy a — ■ £ a “l e „ Kd 0 „. If one 

Lin of the r“^ r ; e °” 0 td pressure must change in tandem nth the frequen ? 
starts from the fact that the souna p calculated graphs presented in Lin s 

of the elastic 3 cm must vibrate with a frequency of about 

W ork, it follows that a sphere ^ a frequency of about 66 kH z. However 

150 kHz and one with a radius ot sphere is presented 

here the dependence of the a„d 7-10 cm and 

explained and i, remains only ,0 postal., 

the causes of its appearance. . . tViat . a resu i t of interference 

jsz^sssrzs: r. —v — - 

q “ me mS— ns a ^r 

of the 

“*££ “mcond type of radiosound [9. 10,, ua mel, 

frequency tone in the absence ofresonance ^“ t ^ 0 f frequen J at the moments 

mechanical vibrations corresponding to th p pe natural fiequency are 

“L the high frequency components corresponding to the natural q 

suppressed as a result of the run-on of the phase which can be done only 

3) On detection of the resonance P ro P ertl “ of the Q f Rations in such 

on a model since the calculated powers necessary f ad experiment* 

a system well exceed the safely 

may be applied quite correctly to the description of the effect 
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ASPECTS OF THE REGULATION OF HUMAN LOCOMOTOR 
A MOVEMENTS * 



i 


V. A. Bogdanov 

Institute of Problems of Information Transmission, U.S.S.R. Academy of Sciences, Moscow 

( Received 18 September 1984) 


Transforming the experimental kinematic data to normal coordinates and calculating 
the moments of the muscular forces during walking the author found that the locomotor 
movements for each degree of freedom of the leg are regulated almost discretely so that the 
two bit constant control parameters are switched a small number of times in the cycle of the 
step Therefore, the musculature acts like switchable elastic links and the energy expenditure 
depends significantly less on the trajectories of movement than on the kinematic conditions 

at fixed moments of switching. 


Posing of problem. Earlier, it was shown [1] that muscular actions are theoretically 
possible for which the energy expenditure depends on the goal of the movement but 
not on the trajectories along which the goal is reached. The control of such muscular 
actions is characterized by parameters instantly changed when the next goal of move- 
ment arises and constant until the goal is reached. This priniple of control was called 
iso-energetic and the changes in the parameters termed switching. It was found [2] 
that iso-energetic control is used in rhythmic movements of the arm in the elbow joint. 
Similarly during locomotions of man and animals the goal of movement consisting 
, in the displacement of the body to the necessary point in space appears more important 
j than the trajectories of movement. Statistical analysis of the published data showed 
that during walking by man the muscular actions in the joints resemble the actions 
of switched elastic links [3]. Let us see whether the intermediate goals of movement 


* Biofizika 30: No. 5, 900-904, 1985. 
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i j have 10-100 A/cm? “ at least an order of 
' VG irnitucle low£ than the experimental threshold current 
Tenfity- 1 to these lasers, therefore. Auger recombination 
leads only to a heating of the electrons. 

The current in the active region of injection lasers 
its orimarlly from carrier diffusion, so that we may 
Sore the Joule heating in Eq. (3) in this case. Itorther- 
Sre the term r A in Eq. (1), which corresponds to Auger 
mb nation is assumed to be small in comparison with 
SSTcrfSttSve recombination, r,. The dependence 
of the threshold current on the lattice tempera ure _can 
Sv be determined from the onset of degeneracy of the 
electron gas, which can be found by solving system (1) ( ), 
... T fixe d and with T treated as a parameter. The 
expression for the rate of Auger recombination in this 

case is 

~ £i / 2r n [n*-**(r)] , ( 5 ) 




C. = £<, ( and mil are the transverse and 

tgitudinal electron masses), Jfl) is the equilibrium 
urinate electron denalty, and fm t< ■* ' 
f the temperature T and is given in Ref. 4. We evid y 
ave rj(T) « y(T)n 2 , where y(T) is also a smoo n 
f T (Ref 1) Figure 1 shows some typical curves o 

f£» 1 qnasilevel £ and of) - •£*£ 

,f the temperature T for various values of e g , pl° tted 
inder the assumption T 0 « Ei. 


CIA-RDP96-00789R0031 00280001-7 . . . 

FIG 1. Dependence of the position of the Fermi quasilevel 6 W 
o^e injection current density j (b) on the temperature of the electron 

gas for various gap widths (egi >E g2 )- 


The maxima in these curves result from the activa- 
tional nature of the Auger recombination If th ® ® lec * ron 
gas does not become degenerate when t (T) reaches a 
maximum (as on curve 2), the degeneracy sets in at a 
temperature T*~ Ef which is essentially 
the lattice temperature T 0 . This case corresponds to m 
S-shaped dependence of T on the pump mirrent j Us ng 
the expression from Ref. 4 for /»( T>. and using ; the ertK 
mate iv- 10 +7 a" 1 , one can show that for T 0 > 10 K curv 
corresponds to semiconductors with gap widths Eg <0.1eV. 

In summary, for injection lasers made from semi- 
conductors of this type the threshold pump current be- 
comes a function of the lattice temperature only at T,* 
Ei ~ 0.1 £g. This conclusion is In good agreement with 

the experimental data. 
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uformaBonal natum of .th. *” en,,S " , 

sffects of electromagnetic waves on a living organism 

N. D. Devyatkov and M. B. Golant 

(Submitted July 10, 1981; resubmitted November 26, 1981) 

Pis’ma Zh. Tekh. Fiz. 8, 39-41 (January 12, 1982) 

PACS numbers: 87.50.Eg, 87.10. + e 

It was noted a long time ago that livin^^anis™^ 

nay be affected significantly by electromagnetic wave^^ 

in the radiofrequency range at a very low inte J i 
that which would cause any significant heattog £ 

These effects have been labeled "nonthermal P 

effects. There are, however, no clear c e 

an effect to be "specific" (the fact that tbe emperature 
change is small cannot serve as such a orll 
because the wave energy and, hence the temp 
be increased significantly without affecting e 
several cases 2 ). In the absence of clear criteria, there 
have been difficulties in deciding whether an m). 

specific effect or a thermal effect (or an __ 


in some particular case or other, and there has been some 
doubt that specific effects should be singled out as aspe 
group The phrase "specific effect" has frequency been 
reolaced by "information effect" In more recent years, 

3 - ,Ss chLg. d» ea not eliminate the 

no clearer criteria for this concept have emerged. 

A study of the influence of millimeter-range electro- 
magnetic waves of a nonthermal intensity on v J? o 
i<mis ofvarious complexity levels was published in 1973 
(Ref 21 The organisms studied ranged from microorgan- 
££ S m^maTa. Some gen.ral conclusions about those 

effects were formulated. 


in difficulties m ueuiums effects were iormuiawsu. 

effect or a thermal effect (or an ene gy 
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i) The ef&ppr^ecbiFOtf Retdafse^OO/OS/OS 

resonant manner: The results change substantially upon 


an informationa 


resonam ^ — — <-» 

a small deviation from the frequencies at which the waves 
are most effective. 


2) The effect is essentially independent of the intensity 
of the electromagnetic waves above a certain minimum 
(threshold) level and below the level at which a significan 
heating of tissues is observed. 


The reasons for the resonant nature of the effect have 
been discussed by several investigators (see Refs . 2-4, 
for example), while the second of these facts has not yet 
been convincingly explained. This second fact is apparent- 
ly the key to an understanding of the essence of informa- 
tion effects. 


We begin our discussion by considering one aspect 
of the operation of cybernetic devices used in technology. 
These devices work only in those cases in which the re- 
sults of their operation are not, over a broad range, af- 
fected by changes in the signals generated in the informa- 
tion-processing systems. The minimum signal levels 
required for operation of a device are usually determined 
by the requirements for shielding the device from no se 
and stray pickup. The maximum permissible signal levels 
are determined by the possibility of damage or of changes 
in the operating conditions of the device. Let us examine 
the situation in somewhat more detail. 


The input of the cybernetic device receives a set of 
signals which represent the arriving informations aset of 
quantities and operations on these quantities. Emerging 
from the output of the device is a set of signals which 
represent information obstained as a result of the pro- . 
cessing of the data which arrived at the input. The in- 
formation which arrives at the input must be unambiguously 
related to the information taken from the output. 


hat "specific" effects are of 
WeZted to a 

"specific" stimulus, the region irradiated by the electro- 
magnetic waves does not necessarily have to coincide witf, 
the affected region. The necessary "command" can be 
transferred through one of the information-transfer chan- 
nels in the organism. i 

An important point is that Ihe energy effects of the 
electromagnetic waves may simultaneously be informatior: 
Sfects on Se organism. The interrelationship between 
the information effects and energy effects of a signa l cm 
be explained with the help of an example. The meaning of 
some text (information) does not depend on the intens y 
at which it is illuminated. On the other hand, the Illumi- 
nation intensity determines the energy effect of the light 
on the eye. 


Tr 


Accordingly, a distinctive feature which determines 
the informational nature of an effect of electromagnetic 
waves is not the absence of tissue heating but the essen- 
tial independence of the effect from the intensity of the 
electromagnetic waves over a broad range. In many cases 
(including those discussed in Ref. 2) an information effect 
on an organism is determined by the frequency (or, more 
generally, by the spectrum of frequencies) of the waves 
and is related to the resonant dependence of such effects 
on the wave frequency which we mentioned earlier. 


As the device processes information received at its 
input, however, auxiliary signals are generated ^ it e 
level of these signals cannot be independent of the wo kl g 
state of the elements making up the device, and this work- 
ing state unavoidably changes over time. Consequently, 
cybernetic devices which ensure an unambiguous corre- 
spondence between the information received at the input 
and the information taken from the output can J>P e ™ 
reliably only if this relationship does 
the soecified limitations, on the level of the auxili ry 

signal ei generated in the information-processing system. 

Tt is natural to suggest that in a living organism the 
lewftftJSSd; grated by the infprmation-process- 
ing^wjtemsdoes not, over a broad range, influence the 
relationship between the received in: 


Since several organs and systems are working simul- 
taneously and in a coordinated manner in a living organist 
exchange of information between these organs and system, 
and processing of this information are absolutely neces- 
8 ary. Alterations in its information exchange may strong! 
affect the working conditions of the organism; in partlcuU 
many diseases result from disruptions of informatlon- 
nrocessing and -transfer systems, hi certain cases, 
therefore, ^the use of information effects may prove very 
successful. 


OThe more rigorous term 'energy effect" should be applied to any effect 
whose magnitude is decisively influenced by the amount of energy 
power. 


1 A . S. Presm anTElectro magnetic Fields and Animate Nature [in Russian], 

»*. - o— -v r—r ■ 

Academyof Sciences of the USSR (January l 7 ’ 18 - 1873) - Usp ' 

Nauk 110. 452 (1973) [Sov. Phys. Usp. 16. 568 (1974)]. 

3 H Frohlich. Phys. Lett. 51A, 21 (1975). 

Kaiser. Symposium on the Electromagnetic Waves and Biology. C 

Center, France, June 30-July 1, 1980. 


Translated by Dave Parsons 
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Role of coherent waves in pattern recognition and the use of 

intracellular information 


M. B. Golant and P. V. Poruchikov 

(Submitted December 15, 1988) 

Pis’ma Zh. Tekh. Fiz. 15, 67-70 (August 26, 1989) 


It was shown in Refs. 1 and 2 that the coherent 
acoustoelectric waves which are generated by ' ceUs 
(and whose length is smaller than that °f 
magnetic waves by a factor of about a milhon) may 
play 1 a role as a high-information-content facility in 
^acquisition of data about processes involving 
breakdown of the normal operation of the cells. 

The rate at which information is processed and 
the amount of information which is Processed* how- 
ever, depend to a large extent on the manner to 
which this information is perceived and processed. 
From this standpoint, the most effective methods 
are pattern recognition and processing of infor 
tion in complex organisms. The perception of a 
“ S U p“.S is Sally died to '”“ t - 

The human eye, for example, has ab ™‘ , 

receptors, which simultaneously perceive different 

elements if the objeot being ■ of *^£ n * 

in the brain a pattern similar to that of ttos 
iect. 3 This circumstance is of exceptional c 
lence for mental manipulation of th e Pattern a 
unified whole and results in huge savings in both 
the memory and the processing facihties required 
for the SipSlation. The result of the Passing 
of information is then realized in a ^°ns w hi c h 
carried out at the level of organs ^a^dS’ teet, 
muscles, etc.). The human brain, however, wnicn 
has only about 10-10- cells, c cannot perform a ^ 
modeling of the processes which are carne 
the cellular level in an organism , 
of cells in an organism is 10 -10 • t ^L. 

son, processes at the cellular level m y , 

trolled primarily by systems of the cells 1 
R. Vikhrov's suggestion that any P ath ° i °SY 
lated to a pathology of a cell remains importa 
today. 

It is natural to ask whether the perception and 

processing of information about break Q h^enT waves 
are carried out in cells by means of coherent wa 
in the extremely-high-frequency range 
tern nature. A stress reaction of an or ^“ .“ to 
a whole (a nonspecific response of an orgamsm 
a change in its condition of existence) 1S » . 

standpoint of phases of adaptation to chang » 
ilar to the responses of a cell to unfavora ^ ® 

(Ref. 4). It might thus be suggested that tnere is 
a similarity in the organization of the contro . 

The ideas of Refs. 1 and 2 have been developed 


further, as described briefly in Ref. 5, among other 
places. This work has led to the suggestion that 
the organic changes in a cell which lead to a dis- 
ruption of the shape of cellular membranes result _ 
from the excitation of coherent standing acoustoelec 
trie waves in these membranes . These waves are 
presumably most intense in regions of a disruption. 
The frequency of the oscillations is determined by 
the nature of the disruptions. Theoretical work has 
shown 1 ) that the field of these waves, which are 
partially radiated into the surrounding space an 
converted into electromagnetic waves, causes the 
dipoles of protein molecules which are oscillating at 
frequencies close to the frequencies of the waves 
excited in the membrane to be attracted toward the 
membrane. The attractive forces acting °" , 

tein molecules are proportional to sin 2 u)tcos[(2ir/A)S!.J, 
wferTriTthe length of the .eonetoetectric v.ve, 
and l is the coordinate along the surface of th 
membrane. These attractive forces are periodic 
“heto period is A, rather than A/2, as in stend- 
ing waves) . These forces are weak enough that 
a flux of protein molecules toward the membrane is 
formed as a result of a gradual buildup of directed 
displacements against the background of Brownian 
motion. 

In the immediate vicinity of the surface of the 
membrane, a force determined by the interac^onof 
the polarization field, which is strong (10 V/m), 

with the constant component of the dipole moment 
erf^he protein molecules acts on the dipoles of these 
molecules? As a result, kinetic energy is trans- 
ferred from the protein molecules to the membrane 
(the average transfer is kT). The collisions, of the 
protein molecules may eliminate the distortion of the 
shape of the membranes. 

Protein molecules adhering to the membrane 
execute oscillations which are sustained by virtue 
of metabolic energy in the cell. Being synchronized 
by the oscillations in the membrane, they may trans- 
fer this energy to the alternating field of acousto- 
electric waves which are excited there, thereby re- 
plenistong? the energy expended on controlling the 
moving flux of protein molecules. 

There is a clear distinction here bet ween the 
control process and the energy process of ehminat 
ins- the deformations. The control process is pre 
dominantly the directing of the flux of protein mo 
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cules to the 

of weak alternating components of the field of acous- 
toelectric waves and the fields of the electromagnetic 
oscillations into which the acoustoelectric waves con- 
vert upon radiation. In the course of the energy 
process, on the other hand, the protein molecules 
transfer the average kinetic energy of their thermal 
motion to the membrane in the region in which it 
is distorted. The process of eliminating pathological 
deformations is essentially a "self-healing" of the 
cells. 

From the standpoint of the answer to the 
question posed above, this process can be inter- ' 
preted in the following way. The distribution of the 
amplitude and the frequency of the coherent waves 
excited in the membrane reflects the nature of the 
disruptions in the membrane. In other words, it is 
the pattern of shape disruptions of the membrane, 
coded in the frequency and distribution of the am- 
plitude of the field, which affects the processes 
which occur in the interior of the cell (here, the 
energy processes are also included), leading to the 
elimination of the disruptions and the maintenance 
of homeostasis. * . ‘ 

It seems to us that this interpretation of the 
process is of more than theoretical importance. It 
might also have some substantial practical conse- 
quences . Since the frequencies of the oscillations ex- 
cited in the membrane are determined primarily by 
the nature: of the distortions of the shape of the 
membrane , identical distortions in different parts 
of a membrane will lead to the excitation of the same 
frequencies. The nature of the disruptions of the 
functioning of a cell (the nature of the "disease"), 
however, depends on the orientation of the distor- 
tion with respect to the positions of the cellular 
organelles. In other words , the same oscillation fre- 
quencies may cooperate to eliminate different dis- 
ruptions. The richness of the pattern perception 
of information about intracellular changes and of the 
pattern control of actions performed on these changes 
is determined by the frequency— coordinate nature 
of the perception. '*• " 


: a cell 

is effective to the extent that it corresponds to the 
coherent intrinsic radiation which is generated by 
the cells upon corresponding disruptions. 

Since the pathology of the overall organism is, 
as we have already mentioned, related to a cellular 
pathology, the same frequencies may prove useful 
in the healing of quite different diseases. Indeed, 
the first studies in this direction have revealed that 
the spectrum of the biological action of oscillations 
of a certain frequency is very wide, and, while a 
certain spectrum of generated frequencies corre- 
sponds to a certain type of disruption, the inverse 
conclusion cannot be drawn: A certain frequency 

spectrum of actions (i.e., only one of the coding 
factors) may correspond to the possibility of healing 
different disruptions . 


^Diis work was carried out by M. B. Galant and N. A. Savost'yanov. 
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Defect formation in thin films bombarded with high-energy protons 

S. G. Lebedev : 

Institute of Nuclear Research, Academy of Sciences of the USSR 
(Submitted February 9, 1989; resubmitted June '28, 1989) 

Pis’ma Zh. Tekh. Fiz. 15, 70-72 (August 26, 1989) . 


The radiation-induced structural defects in 
solids bombarded by high-energy protons, of energy 
T > 100 MeV, are determined by both elastic (elec- 
tromagnetic and nuclear) and inelastic interactions 
of the primary protons with the target atoms. The 
recoil nuclei which acquire energy as a result of 
nuclear interactions of protons create atom— atom col- 
lision cascades which are greater in extent than 
the cascades which start at the atoms that are the 
first ejected from their positions in Coulomb inter- 
actions, and these recoil nuclei are primarily re- 
sponsible for t. 


A fraction n(T) of the energy of a recoil nucleus 
is expended on electronic excitation, while another 
fraction v(T) is expended on the formation of radia- 
tion-induced point defects in elastic interactions of 
the recoil nucleus with target atoms. The NRT stand- 
ard 2 is widely used to calculate the function v(T). 

To evaluate the rate at which point defects are gen- 
erated by radiation, we need to know the effective 
cross section for defect formation, ojj, and the num- 
ber of defects, n<j = v(T)/(2Ed), produced by the 
first-ejected atoms in the cascade of subsequent 
,atom-.at«iU(MUisi(MV5-XEdr45. Ahfi, suf- 
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DISCUSSION 
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ROI F. OF SYNCHRONIZATION IN THE IMPACT OF WEAK ELECTROMAGNETIC 
SIGNALS OF THE MILLIMETRE WAVE RANGE ON LIVING ORGANISMS* 

N. D. Devyatkov, M. B. Golant and A. S. Tager 
(Receired 28 September 1982 ) 

The possible mechanism of the action of weak electromagnetic radiation on living organisms 
is discussed based on the assumption of electromechanical autofluctuat.ons of cel «tat» 

tures (for example, portions of the membranes) as the natural state of living c . 

established that synchronization of these autofluctuations ^ “ ,en “ l of 

leads to the appearance of internal information signals acting on the regulatory ^sy - 
the body. This hypothesis helps to explain the known experimental data. 

It ts known that the electromagnetic radiation of the milimetre wave 

(non-thermal, i.e. not appreciably heating the tissues) power may exer r * n **™* m of the 
various living organisms from viruses and bacteria through to mamm I 1- P grcw th 
e.m.r. induced biological effects is also extremely wide - from change m ^zymat.c activi y, 8 
rate and death of microorganisms through to protection of bone ’ rimenta , r e- 

the action of ionizing radiations and chemical preparations [1]. M . a y * characte r (the 

search have established the main patterns of the action of e.m.r.: Us reso “ u _: ts -frequency 

biological effect is observed in narrow -from tenths of a per cent to Rentage un intensily 
intervals and starting from a certain threshold value practically does n°tdependon 
of the e.m.r.); the high reproducibility of the resonance frequences in repeat ex^imen J. w 

rization’ by the organism of the action of the e.m.r. over a more or less long period f 
S a sufficiently long time (usually not less than 1 hr); the non-cnttcal nature of the obs 
biological effect to the irradiated portion of the animal body, etc. IZJ. actio n 

The most general conclusion arising from analysis of the patterns ldentifie 
of the e.m.r. on live organisms is not of an energetic but information character [ 2 , 31 , the pr 
effecT of the e.m.r. being realized at cel. level and asociated with bios.ruCures common ^ 
organisms. Such struCures may be, in particular, elements of cell L n ^ y evaluations <h* 

dipole electric moment, molecules of protein enzymes, etc., for which, “ sho J n by the inter- 
frequencies of the natural mechanical vibrations he (depending on the speed of SO ) 

Val ( ^ow Ts described the most probable, in our view, mechanism of action of e.m.r. on fluctoa 
in cell struCures and the appearance of information signals m the body. 

• Biofizika 28: No. 5, 895-896, 1983. Bresler was th e ^ 

t s uc h an assumption has been advanced by many investigators. S. Ye. 

to point out this possibility to the authors. ^ , e nnt cons ider^ 


here. 


mt out tms possioiniy «•« . , . , . co n 

The problem of transformation of information signals into control signals 


[952] 
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f Role of synchronization h. imp*! of wedt *«*<**«#* *” 

1 tk i.1" 1 ‘^ r ‘ gi j °'m°- 

|f* cert * t ofluctuatio n s sustained by the energy o me ' b t ith c hange in particular 

simplest model of such a ^^^og^r^rwhoTelet may teSokelTdown into several 

jX synchronization of the oscillators “ ^ s ®' and Certain difference in the frequencies, 
£,nce of the links b J^^ e, ^J #1 f aed ^ small portions between which synchronization 

*S»ronous regimes. lf titer ’..a , 0.1)0 th-usuafcondltions the phasesoftheauto-fluctuations 

close frequencies, are distributed 
i different oscillators, inclu ® r > h ^ fL1ttSL 0 r -n autofluctuations is close to zero. 


“ d do - 

JUmeiic Held. If .he fre, >“"7„ ?,£ IdLcat oscillators 
wncy of the aulofluctuauons of one of the r umcy) '|« auto-lluctuations ate ‘captured’ 
L in the harmonica and subhannomca of hi d ^’synchronization hand (reaonanen fre- 
«nchronization) by the external signal.The centre lot the 'S' f ics of the oscillators of 

^Udmer-jedb,.*^ 

'given group and depends l.ttlc on l J c J ^ inatIons 0 f all the elementary autogene- 

»f,h rbc phm« ofahm , iB »U im » .ivem poraiom 

r KSE* — of rn '“".rrnf^na^rj^ 

macroscopic effects (for examp e, . ; , for the rC g U Iatory systems of the body, 

unrounding medium) and serve as an 'nfonna there may exist several resonance fre- 

afso Observed at which the externa, signal produces different 

biological effects. ^Krrani-ration of auto-fluctuations is the low 

A characteristic feature of the phenomenon y thrc8 hold value of which depends 

power of the external signal teetuired for . . o , f ret , ucn cies of the individual autoge- 

•jtt.+tzzzz r^rrsr*- — — - - 

rrarrangements of the «U structure. stnee in the cell, ton, ex- 

• The mechanism of excllatlon of anln-llnctnalinna in membranes is discussed tn W 





' \ :■ : s: ' 



9J4 R. A. Abaoyan et at. 

to ihei, re»,.»g«n«». With change in .he ..million. of eabtence o, ton»l 

° nh Sr“™, .0 »» -ha. .he 

of a living organism are not only a means of ln ^°^^ 0n ™” S ™ ert a 'fundamenlal influence on 
In particular, auto-fluctuations, even not sync ron , portion of the membranes 

ionic and molecular transport across the mem ranes. ibration displacement of particles 

acts as a pump the mechanism of action ofwhic is . average, not directed) forces 

(on average, in a certain direction) under the influence of pcntrf* (^n average ma , 

71. The synchronization of the auto-fluctuations of Aft and ^ 
fundamentally influence the processes of membrane transport and hence the prop 

activity of the cells. .... , nn live oreanisms is connected with the 

The assumption that the biological action • • • structures also agrees with other 

external synchronization of the natural autofluctuations of cell structures also agre 

patterns of this phenomenon not mentioned here. 
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INVESTIGATION OF ^^.eCULES* 

APPEARING ON PACKING OF HELICAL MOLECUL 

R A. Abagyan, V. N. Rogulenkova, V. G. Tumanyan 
and N. G. Yesipova 

Institute of Molecular Biology, U.S.S.R. Academy of Sciences, Moscow 
{Received 11 September 1980) 

Tim pnper considers .be me' tSS i"lfSK 

several levels of orgamzation. Formula - . . f tbc molecule does not agi** 

molecules In rvhieh ihe ‘^Snc obtnined My deserlbe ihn po*!" 

with the period and size of the helix, me iormu.«« 

* Biofizika 28: No. 5, 897-904, 1983.- 
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BIOINFORMATIONAL INTERACTIONS: EH P- WAVES 
N. D. Kolbun and V. E. Lobarev 

So 

UDC 577.31 


discussed? at ^e a Lfluence t of n elect he EHP ' wave b and are 

mentarLelorr^LioL^r “* affeCted * va ^ou S environ- 

fields (EMF) and We elect — sneti 

sitivity of biological systems * these ^ ^ 

In principle, each band of 

Earth's biosphere could have contribute*? WSVeS reachlng the 
affect vital functions [5]. In fche pa _ t f ° evo ^tlon and may 

which assigns a regulated and it? deCades ’ the theory 

and imfonnationa.1 i*ol6 to fmp ir* hj A i . 

has bes„ gaining supporsers C 3,l* 16] The b^ , 6l0l ° Sl=a - 

logical system as a biochemical ... , , J ' ? theor > r rt *» a M. 

““LTT EW - A ^ ZTIIIITZtT^T 

res::::" s srs ™ “ 

tlonal base or Its yltal r ““system constitute the Informa- 

tors reguiltmV to ’ fl °” a ° f «. the fac- 

regulatmg (to some eatent) the Internal Information fl„„s. 

Differentiation between Q -,j 4 « 

temal EMP has been discussed in [3 5 8] ” ormatlonal flows °f ex- 

defined as the 4 L • ,8 - 1, 1116 energetic actions are 

to the amount of energy contributV ^ bl ° SyStem Proportional 

© 1989 bv-AiiMtonP,«„. Inc. 87 °ntributed. An informational interaction of 
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an EMF with a biosystem is one where the effect is not determined by 
the amount of energy brought in but by specific informational features: 
various EMP modulations, frequency bands, polarizational and time 
characteristics, etc., can function as such features. The information- 
carrying signal, in that case, merely triggers a redistribution of en- 
ergy or matter in the system and control processes in it [ 5 ]. The low- 
er boundary of an information effect is set [ 8 ] at flow density (PD), 
on the order of lb " 12 W/m 2 (ICT 16 w/cm 2 ). Apparently, there is no 
bright line between informational and energetic PD. Various investi- 
gators (1,3,8,10] place it in the region between 10 “ 7 W/cm 2 and 10 -2 
W/cm . Figure 1 compares the characteristics of principal EMF sources 
that form the natural electromagnetic background of the biosphere and 
the atomospheric transparency to the entire wave band. The atmosphere 
is unevenly transparent to EMP of different wavelengths. In turn, PD 
from solar radiation and from other sources is uneven throughout the 
EMP range. The combination of these factors determines the magnitude 
and dynamics of natural EM background of the biosphere In each frequency 
band. Biological systems are likely to be more sensitive to external 
EMP flows in the frequency bands where the natural field background is 
lowest. 

Biological effects at informational EMF' intensities (si MW/cm 2 ) 
appear, according to Incomplete data, in those spectral regions where 
the external background is minimal either because of low atmospheric 
transparency or a minimal space radiation (see Pig. l). The spectral 
density of solar radiation In 3 pace matches closely the radiation of 
an absolute black body at T - 6000 K. Radio waves .accounts for just 
a fraction of a percentage point of the total energy radiated by the 
sun. In the wave band 'from 0.3 to 10 mm, solar radiation is described 
closely by the Rayleigh- Jeans law. The effective sun temperature 
T rtl oln the radio band is different from kinetic temperature. It has 
been measured experimentally and for X — 1 — $ mm varies from 5500 to 
8000 K [4], 

Galactic radiation does not make any significant contribution to 
the natural background In the mlllimetric wave band (EHF) , as it is 
absorbed completely by the atmosphere near X — I cm (see Pig. 1 ). 

Other natural EMP sources are the Earth's, surface and the atmo- 
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Pig. 1. Natural EMF sources and atmospheric 
transparency throughout the EM spectral range 
[12]: 1) frequency "windows" in which BII are 
observed according to T5]; wavelength bands 
where biological effects of nonthermal EMP 
2 

with PD i 1 mW/cm can be observed; 2) data 
of [7]; 3) data of [1,3,10,13]. 


sphere. The proper heat radiation from the Earth can be described as 
radiation of a gray body with e - 0,35 and T - 288 K. Atmospheric radia- 
tion is described by radiation laws of an absolute black body with iso- 
lated selective lines of atmospheric gases and water vapors at respec- 
tive In EHF-band the effective atmospheric temperature ranges 

from 100 to 400 K. Throughout the EHF-band, 'the -spectral density of 
solar radiation is greater by some 12 dB than the proper atmospheric 
radiation (Pig. 2). 

In the range A“l— 8 mm, the atmsophere absorbs EMP selectively, 
mainly in the bands of molecular absorption of Oj and water vapors 
[1,4], The total attenuation of the radiation on the vertical path in 
selected bands is as large as 800 dB (Pig. 3). In transparency windows, 
the attenuation may be just 1-3 dB. 

There are several frequency regions in EHF-band that coincide with 
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T- S 6oon K'. 5 ??°=? al d ® nsit J es of radiation flows: 1) solar at 
T pOOOK, 2) atmosphere based on data of [4,6]. 

S^h-in^2 a ^ atte e tuat1 ?? of m as 4 function of wave- 
length in clear atmosphere: 1) January; 2) July. 


atmospheric absorption bands; the natural field background in them is 
minimal and is entirely determined by the proper noise radiation of 
the atmosphere The spectral. FD of the natural background in these 
regions is 10 to 10" W/(m -Hz). Based on this analysis, a hypo- 
thesis was advanced postulating that biological systems, adapted in 
the course of evolution to a low-background level, can respond to EMF 
flows that rise slightly above the background radiation on wavelengths 
near 2.5, 1.7, 0.9, and 0.8 mm. Quantum energy of millimetric radia- 
tion (MMR) is sufficient for inducing important biological processes 
associated with rotation of water molecules ‘ and oscillations of H-0 
lattice, rotation of terminal groups within molecules, conformation of 
protein molecules, etc. [1,3,10], 

Estimating the potential role of MMR in bloinformational interac- 
tions (BII), we should note that MMR wavelengths in biological tissues 
are such that, even in case of a very strong MMR absorption, it can 

synchronize biochemical processes in single-celled and multicellular 
organisms . 
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Pig. 5. Transmittance characteristics of 
bandpass filters: 1) no. 10; 2) no. 11; 3) 
12; 4) .calculated. 
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Fig. 6. Distribution of occurrence 
frequency of sensory reactions with 
BI1 through filters with various 
transmittance maxima. 


A series of passband net filters with a honeycomb array of open- 
ings were prepared. The filters were made from the same photographic 
masters by photolithography and etching of 0.2-mm-thick copper foil. 
The transmittance characteristics of the filters are given in Fig. 5. 
Copper foil screens were also used. Filters and screens were enclosed 
in identical opaque paper envelopes. 


y MMR. 


The subject lay down on a couch; his entire body surface was cov- 
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Setup for Irradiation of bacteria (a) 
and experiments to detect BII (b). eria ta; 

ered with two layers of carbon fabric so that only He-Ge acupuncture 

filt r° n i ^ ^ eXPD8ed - Sln ° e the stance of the 

ILltr/\ short-wave wing at X<0.1<i« increases to the level of 

first t-h r ^ nSparenoy C9] » onl y one sequence of filters was applied: 
If* l he _^^-t-wave filter Nf - l, followed by N f - 2,... N( 


r * * U .V ly _ = X m 

12. Thus, a sequence of filters (F) and screens (S) was ’formed^ 
where the random quantities were only the number 

naona 


sf 1 f 2 sf 3 ssf 4 ,.. 


and sequence of screens. 

Based on the results of the study... a distribution of subjects 

indlca^ 8 tt if* 1, nUmberS ^ COnStructed 6; the dashed curv S 

indicates the . distribution of the random process of origination of' 

sensory responses to presentation. 5). 

In the next experiment, we attempted to discover a difference Ir. 
responses of biosystems to MMR with frequencies 116-121 GHz. Proteus 
bacteria were irradiated, and placed in a culture medium (Fig. 7 a). 
The hemolytic activity of irradiated bacteria was measured after thre 

lTof°th ln0U T On ^ 3 thernl0Stat ' aa -P— ed by the optical dens 

III i v:: r n ' 1116 ^ senerator was *•««“■** * «» 0 

116.8-120.6 GHz to produce on the culture surface a flux density on f 
Z th ' ThS radlati ° n P0Wer was maintained constant with: 

::r s srror " aa " tmn io -“- 
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Pig. 8. Probability of hemolytic activity 
change by low-intensity MMR irradiation (for 
the threshold of likelihood ratio function 
L q - 1) and variation of optical density R 

of specimens with Proteus "Irradiated" by hu- 
man inductor through filters 5 and 7. 

The experiment followed a randomized plan for five frequency 
values . Twenty bacteria samples of the same culture were irradiated 
at each frequency (an additional 20 control samples were not irradi- 
ated). Bacterial concentration in the specimens was 10 8 cells/ml. 

It was discovered that MMR of 116-121 GHz modified the Proteus hemo- 
lytic activity, with the maximum probability of the effect at 118.8 
GHz (Pig. 8a). 

Simultaneously, an experiment was staged to study the effect of 
radiation by the human inductor on the activity of the same bacteria 
(Fig* 7b). Two filters (Nos. 5 and 7) were used with transmittance 
maximum at 1.9 and 2.4 mm, respectively. Through each filter 9 speci- 
mens were "irradiated" (with 9 control specimens). The experiment 
produced some increase of hemolytic activity of Proteus irradiated by 
the human inductor through a filter with X**- 2,4 mm (Pig. 8b). 

The study made general analysis of the problem of BII in EHP-band 
and attempted to obtain an experimental Confirmation of the- possibil- 
ity of 3uch interactions. The following conclusions were drawn. 

1. Natural EM background at frequencies of atmospheric absorp- 
tion bands in EHF-band has an absolute minimum for !l< i cm. This may 
be associated with a high sensitivity of biological objects to MMI 
observed experimentally. Other investigators are inclined to share 
this view [10]. 

2. The experimental results are encouraging for the possibility 
of BII in EHF band. Previously, BII between biological objects have 
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been observed in 

ln the same range of X - i a , , 

■3 , . 6 A 1,8 — 2,1 nun ri? 7 

3. Additional care r,n 4 J ' 

logical objects to MMI ln theTnlltTm^lall ^ 8enaltlvlt y °f bio- 
nonequilibrium MMI of biological obi Wlth dlrect registration 
efinitive conclu alons as exlst en ^ ^ necessar y for 

* e xistence of ail in MM band. 

REFERENCES 

. [Russian e „ ergy ln „ aloln6 „ 

Leningrad, 1926^ nad3kli » Biosphere [in Russian] 'Khim^T m 

°lon E [in C Rus s ia^^^^^Jg^ ect ion & f ron - Elec tr lpov 1 Biologi-^ 

b irsk^ ^1 9 f 5 ^ ral E^otro JgSSiJpL^ »J™tional Pune- 

[Russian tra „ “ L T 

7- V. N. Volchenkn » „ a tion], Sov. Radio, 

*. p. asm. 

ES5S2*31^S^S^ S 

• „ 8 . Moscow,' Proceedings of sLth 

Bandpass Gauze Piit<a-r»o p* • Vot*ob f ev, v A <? or .n 

W75. inters for Long-Wave ir Region rfn S D asnovaj et *1., 

- 10- Applications nf r C Bussian], Moscow, 

ai rrir : 3r • 

ci - 

thf PhyslJS°^J s ,H af J}'- "W>Mlo- 

SE3£ 1 3.S““ 1 - ln «^ u nuS°&i"sL"- &>$««« "&&&? 

„, l 4 -, Fundamental Thre.h„,H . R»«lan], Moscov, pp . 

SttaS Jt? ] -v“£; 4 »^ S — [In 

s »•■ ss3»! sir — “- f -»rr;;r;: y s l r;r 2 \\. 

l6o 


lar 

hypo 

more 

1 Pel 



Approved For Release 2000/08/08 : CIA-RDP96-00789R0031 00280001 -7 



Approved For Release 2000/08/08 : CIA-RDP96-00789R0031 00280001 -7 



ty of bio- 
'sgistration 

’y for 
i. 


“ a lM~o.Uu- 

Hypothesis , in: Electromaeneti r : T at ; on: the construction of a 

more » PP. 175-181, 1979. S tlc Bi0 + Information, Munich-Vienna-Balti- 

1 February 1987 ' 


Kiev* shevcile nico State University, 


dicine" 

■in. izd-vo , 

Biologi- 
ze Radia- 

Cin Rus- 

nal Func- 
ovosi- 

Radio , 

P. Belo- 
’ regula- 
rity 
Sixth 


, and 
Russian], 

al., 

03C0W, 

Ln 

1 Rus- 
ty [in 

human 
. PP. 

hysio- 
it of 
low- 
*> PP- 


Is [in 



21, no. 


161 


Approved For Release 2000/08/08 : CIA-RDP96-00789R0031 00280001 -7 



Approved For Release 2000/08/08 : CIA-RDP96-00789R0031 00280001 -7 



Approved For Release 2000/08/08 : CIA-RDP96-00789R0031 00280001 -7 




Approved For Release 2000/08/08 : CIA-RDP96-00789R0031 00280001 -7 


I0L0GI6AL ACTION OF LOW INTENSITY MILLIMETER BAND RADIATION 

. V. Uetskil and A. V. Putvi nski i 


zvestiya VUZ. Radioelektronika, 
ol. 29, No. 10, pp. 4-10, 1986 

DC 538.573:61 


The possible role Is discussed of the strong absorption of millimeter (MM) waves 
by water molecules in the primary mechanism of the response of biological sys- 
tems to UM radiation. >. Data are. reported on the interaction of Mil radiation 
with simple water systems.; The attention is focused on the effect of convec- 
tive mixing of water solutions under the effect of low intensity (1 ... 10 

2 ■ 
ml'/ cm ) MM waves. 


Among the most interesting fields of unconventional uses of electromagnetic waves 
•e medicine, biophysics, and. biotechnology. When waves with a large power density are 
iliaed, the useful effect is produced typically by the heating of the material being 
;udied; the effect is determined not only by the geometry of the object, but to a large 
:tent also by the radiation wavelength CX 1 . — 

. f; ■ • r' .. 4 ** t>.rw t : "■ V 1 -• " - - ■ ' 

In the past two decades,', investigators have been concerned with the low intensity 
.mit electromagnetic^ waves, in .the,.. millimeter. . (.MM) and submilliter bands, with waves of a 

nsity of single-digit mW/cm 2 -; the general heating of Irradiated material with these 
ves is small, amounting to some Q.1°C [l-4]„i Radiation in MM band Is strongly absorbed 
various materials. : One. ‘of- these materials Is water, which plays an extremely important 
le in the vital functions of biological- systems. For example, a flat water layer 1 mm 
lck attenuates the radiation at X ~ 8 mm by 20 dB, and at X - 2 mm by 40. dB, i.e., by 
ndreds of times. The heating -of materials in MM band for this reason is superficial, 
th a large temperature gradient. When human skin is irradiated by MM waves, practically 
e entire radiation is absorbed in the surface layer of a few one-tenths of a millimeter 
he weight content- of water in the skin is- more than 655) . 

i: yc-M tr.e ■ 

Another feature of MM waves is the fact' that the energy of an Irradiation quantum hv, 
en in this short-wave portion of the microwave band, is still smaller than the energy 

thermal motion, kT„ ' For the wavelength X«-l mm Av—1,17- KH eV, whileat roomtemperature 

_p 

* 2.53*10 eV. The quantum energy in this- frequency band Is significantly lower not 
ly than the energy of electron transitions (1-20 eV) or the activation energy (0.2 

), but even than the oscillationai energy of molecules (i0 -2 -10 _1 eV) , and the en- 

- * - ‘ —2 ' ‘ — 1 

gy of hydrogen bonds (2*10 -10 eV).~ Examples of energies smaller than this cuan- 

-3 -4 

m are the energy of rotation of molecules around bonds (10 -10 eV) , the energy 

-4-6 

Cooper pairs in superconductivity (10 -10 eV) , and the energy of magnetic ordering 

-4-3 . 

0 -10 0 eV) . 

From these energy estimates it follows that MM radiation cannot produce atomic or 
.ecuiar changes or restructurings. If one takes the analogy with the optical frequency 
r.d, such changes would require multiphoton processes; the number of MM radiation quanta 
a .t would be necessary for an energy conversion should be 10 or more, which is unlikely. 

* there are two important circumstances that should be taken into account In studies of 
} effects of interaction of low Intensity MM radiation with biological objects. 

First, the energy of MM radiation^ can be transformed to the energy of polar molecules 
;ociated with rotational degrees of freedom. The role of such energy accumulators is 

386 by Allerton Press. Inc. 
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performed effectively by polarised water molecules, which have a diode moment a? 1 qiin 

^ e r aia - the s 0 %™fvreL^r»Lra£ifb D ; 

— — :&S 8 ' 

= e =hani3m? a s^h t al “ffL^u^sSf ins]? ** V^f.rent , resonance 

L-ecuen^bJL'd 100- lOSC^^Kz 75 r ™ Tc 5 3V3 P° la J,, lzationa:L C dipole ^SIcillatlMa l/thl 
; J ° d,na J-uu-iuuu utiz (A ■ 3-0.3 mm). The' various vital orocesq^q in hin 

HH!E a ji“^ 

;uch rs^rS^^rsingjrqSntr^ 1011 ^ ^^Sica^mS^ 

,acn a state is of a single-quantum type, and resembles the low temperature condensation 
31 B ° a ® ? aa * These two circumstances determine the major trai? of MM radiation Ihl 
: ?^ Dilit X and ^Portance of nonthsrmal (or low-int^si?y) biological Sfects o^ m rk 
i-aclon.^ These effects are observed at radiation power denelSea o? appJorSItliy “- 

ihafo^.'LlJafb^ SSned?“ PeratUI ' e ^ “f Irredlwel^peclt.en ia ' not greater 

The specifics of the electromagnetic vibrations in the millimeter ' (and submillimf»tf»YO 
requency bands would thus be capable of inducing peculiar low-iSSsity biological ef 

at°e?iaf iSad?Ked ed AL^eg^ 1 ) 7 , ?W^*hI general. rite . oVSgtLpe^^geg/tha 
n+ .® lrraci iated. y 11 ex P er lmentally known effects can be divided by way of convention 

nerg^- threfLctf dndSfed^rL^^ 13111 ° f u ^ 111 ? atlon of the electromagnetic vibration 
erficial- ed by ® 1 ® Gt ^ ve 3 P a ce-l°calized microthermal heating, usually su- 

erficial, and the effects caused by frequency-dependent Cresonance) type of energy stor- 


AIIJ BIOLOGICAL EFFECTS OF MM RADIATION 


,’r - J-i l rrii 

y- : :\-z z:j1c2 z kjS'S vr 

if, %■ 


Substantial data have been accumulated in experimental 'and “theoretical studies of* 

t* \«» Pa s r?e“yeS= 1 S 1 radS‘«lon°ha S 

successfully for clinical treatment of various diseases. The primary phvsical- 
Cha ^f S ^ S Und ® rlylnS th ® 3e nsitivity of biological objects to this ?ype ofe?ec- 
..rable tX radlatlon > how ever, remain an unknown, making their study particularly de- 


: . "'ZS " v 

After years of research certain regularities in the interaction” with biological ob- 
cts have been established. In practically important cases the S?eraction, 2 men- 
oned, is not of an energy type, i.e., is not due to a trivial heatin? of material On, 

■ ly speaks of inf ormat ional Interaction (this hypothesis was' first examined in 161) 
nitiItPi a q b b ased ie Sitimately to mean that the radiation of a”Iow Intensity can trigger 
arii f at ® } a chadn - of successive responses, accompanied by a transformation ofenergy and 
° a aseful ei’fect, i.e., that the interaction Is of a mediated type. This can 
/ apply, of course, to complexly organized (integrated) live biological objects. Not 
{ nf . h ® frequency-dependent (resonance) but microthermal storage of microwave energy can 
Informational when interacting with a live organism. ' . 7 ° energy can 

r-o? a ^ lmentS wlfch ( . ralc roorganisms, animals, or humans ,' the response can appear as 
^eractioS effect s r h « vp ^ f?® * hund ?; ed3 °J megahertz wide.. The following interesting 
^sshold ?thevp ?q ? XLe 1 ? b ?®? °^ served experimentally: a) the response has a power 
: = ). h? i th f r ® 11 s a certain minimal power value, after which the effect becomes discern- 
^ i Q ?|. * ota £le biological effect Is cumulative (the response appears after a certain 
SlS/Sr^S? irradiation - from 15-20 min to an hSSr>*. c) the experi- 

:aed n ^ hdpa P 1 ° fct:L ug the biological effect versus microwave power have an ex- 

;an two -o -iv^SdPni’ f 2 Ct ls lnde P endie nt of the Irradiation Intensity 

some Install S h ?£ ma ® ndtude °£ P ower variation); and d) the therapeutic effect 
■a. sucS af or chSSJrapy?" " aVS3 00nblne<1 “ lth <*her therapeutic modall- 
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ese observations led to formal analogies with concepts, devices, and ideas 


some of the: 



of microwave electronics (feedback, synchronization of oscillations, etc.). This is the 
approach developed for example in [1, pp. 127-131].* ' 

We will now briefly describe in qualitative terras the effects of low intensity MM 
radiation based on the (specific for MM band) selective microheating of water media con- 
taining various biological materials. Basic to these effects is the convection ■ of liquid 
occurring at the phase interface. In planning and conducting the experiments, we were 
guided by the following key ideas: a) the strong selective absorption of MM radiation by 
water molecules against the background of low-absorbing components of various liquid media 
can be responsible for the transport of charged particles and various molecules in such 
systems; b) biological membranes are the most likely target for low intensity MM radiation 
in the cell; c) the search for new effects should be conducted on simple biological objects 
cr model systems, even though this reduces the probability of observing frequency-dependent 
(resonance) effects, which was confirmed in experiments; and d) the primary physical chemi- 
cal mechanisms of response should be investigated in the skin, thin layers of which absorb 
MM radiation almost completely. 

DISRUPTION OF THE ADDITIVITY OF ABSORPTION OF MU RADIATION 
3 Y WATER SOLUTIONS (SEE RELEVANT ARTICLES IN [1,2*3]) 

Precise measurements of the concentration relationships of the absorption of ‘low in- 
censity MM radiation by water solutions shows that the pattern of absorption of MM radia- 
;ion varies qualitatively and quantitatively, depending on the type of Interaction of water 
nolecules with the molecules of the solvate. Three cases observed at \ =* 2 mm, ? = 1 

2 

nW/cm are distinguished, depending on the concentration of the solvate as illustrated 
qualitatively by Pig. 1: 1) the absorption of the electromagnetic radiation by the so- 
lution is equal to the sura of absorptions of the solvent and solute; 2) the total absorp- 
;ion is less than the sum of the partial absorptions; and 3) the total absorption is greater 
;han the sum of the partial absorptions. These effects can be explained as follows. When 
TO radiation is absorbed, electromagnetic energy is pumped into the rotational energy of 
solar water molecules, followed by the dissipation of energy into thermal energy, as a re- 
sult of intermole cular interactions. Strictly speaking, the absorption is of a resonance 
lature: on a fixed wavelength, the radiation is absorbed effectively by a small proportion 
cf water molecules whose frequencies of rotational motions are close to the frequency of 
Incident radiation. As the frequency of the external field is changed, a different group 
>f molecules takes part in absorption of the radiation, in conformity with the distribution 
>f water molecules according to the rotation frequencies. Experimentally, it is impossible 
;o determine the resonance nature of such absorption because of the effective mechanism of 

-9 -10 

;hermal scattering of energy that would occur within the time of the order of 10 -10 

sec. In the first case of absorption, illustrated by Fig. 1, water molecules practically 
Io not interact with molecules of the solute; in the second case, some of the water mole-' 
jules lose rotational mobility as a result of intermolecular interaction (the molecules of 
sound water absorb MM radiation less than do molecules of free water), i.e., the total ab- 
sorption decreases; in the third case, the intermolecular interaction is such that is in- 
creases the rotational mobility of water molecules, leading to -in additional increase of 
;he total absorption. From relations similar to those given in Fig. 1 it is thus possible 
;o judge about important parameters, such as degree of hydration, the reactivity of raole- 


*See also the paper by M. 6. Goianta and T. B. Rebrova in the current Issue. 
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tules in water solution, etc. These effects could also be of a practical value in engi- 
neering processes (especially in the pharmaceutical industry) for monitoring solute con- 
centrations . 

These peculiar properties of the molecules of free and bound water in MM wave band 
gave an impetus for developing the theory of dielectric relaxation of polar molecules and 
creation of refined molecular models; this in turn yielded valuable information for under- 
standing the structure and properties of water in complex compounds. Interesting infor- 
mation on chi3 matter can be found, for example, in [2,7] . 

EFFECTS OF MM IRRADIATION OF WATER SYSTEMS 


By strong Interaction with water molecules, MM radiation affects the properties of 
water, both as the external and internal environment of live cells. The early experiments 
with water systems revealed the effect of convection. The picture of water convection in 
rectangular quartz or acrylic plastic trays irradiated with low intensity MM waves was 
studied by optical methods of phase contrast and holographic interferometry [8]. The 
varied methods of irradiation (placing the irradiating horn at the lower side walls or 
above an open water surface) produced water motions conforming to the mechanism of inter- 
phase convection (l.e., convection caused by gradients of surface tension forces) at a 

power level below 10 mW/cm . The convection usually encompassed the entire volume of a 
tray (up to 2 ml) and had a fluctuational pat-tern. The dependence of convection intensity 
on MM radiation power was determined by a polarographic technique. ; The experiment setup 
is illustrated by Pig. 2, where 1 is radiation horn, 2 is a teflon cartridge; 3 is thermo- 
chromium liquid crystal film, and 4 is platinum raicroelectrode. As is well known, the 
limiting current 1^ reducing the substances dissolved in water is determined by the thick- 
ness of the diffusional layer on the electrode surface, and thereofre is highly sensitive 
to convection in the solution. Polarograms of reduction of Og in water solution is shown 

in Pig. 3: 1) atl8°C with no mixing of the medium; 2) at 23°C also with no mixing; 3) at 
18°C with nixing. When MM radiation was started, at the instant marked by the arrow, I. 

2+ d 

was observed to grow both for 0- and for Cd (Pig. 4, curves 1 - MM radiation (1 M KC1); 

- — 3 

2 - MM radiation (10 M CdCl,* 1 M KC1). In this experiment the thickness of the layer 

between the electrode and the wall (the thermo'chrome film), through which the radiation 
was conducted, was 2 ram, so that direct action of the microwave field or thermodiffusion 
on the electrode was ruled out. This effect was produced by interphase convection, due to 
forces of surface tension, not only in the irradiated zone, but at the water-air interface 
as well. 

2 

Judging by the color of the thermochrome film, the heating even at 2Q mW/cm was not 
greater than0.2°C. Obviously, it is the interphase convection which is the main mechanism 
for removing the heat from the irradiated zone. It is of interest also to compare the mi- 
crowave action with simple heating of the wall with IR radiation, which also induces con- 
vection (Pig. 4, curve 3 - IR radiation (lO -3 M CdCl,, 1 M KC1)). In the latter case, the 

2 

effect was observed only with the calculated heat flux value of not less than 15 mW/cm . 
This can be explained by the fact that microwave power is released directly in -the solu- 
tion, while with IR radiation, the heat flow from the tray wall is limited by the low 
thermal conductivity of water impeding convection. 


An 
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in experiments with chlorine plastic radiator of a special shape (fork) 

waves (Fig. 5, where 1 is the 

i^ a 

s , oSSrS!. int, “ i ' j of the iisnt “«■ 
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nae been determined experimentally, for example, that lo. intenaLy S m raSLtiofcln- ae- 
celerate the aetlve transport of Ions of Na + CP > 1 mW/om 2 modify the erythrocyte mem- 
brane permeability to K ions <1-5 mW/cm 2 ), accelerate the peroxide oxidation of un- 
saturated fatty acids in liposomes t>l mW/cm 2 ), Increase the ionic conductivity of two- 

% Se wanr P flow”^h?ra?Lwfu^ S fif e * ^ haS been detei *mined that m radiation speeds 
sensor of microwave ’ener^r??-!^ 1 ?? =„!! Ca ^ 1 ^ a i!Z &S J f n element ary thermoviscosimetric 
near-wall laver nf* t-ho ^^,. se f ras 3 bat radiation, being absorbed in the thin 

fying the motion of llqSd SSugh^roapU^f S± ° n ° f ' he " lth tfie ™ 11 « nodl - 

The sensitivity threshold of biological objects to low- intensity continuous MM ra- 
Jiation is 1-10 mW/cm . Some of the effects are due to the substantial tsi O nf<- 0 aV , 
nen P Convection CJClC” by wat ®?* ra °l ecule s, leading to liquid convection in this seed- 
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I . V . Lebede v 

Izvestiya VUZ. Radi oe 1 ektroni ka , 
Vol . 29, No. 10, p. 3, 1986 ' 
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ss= 

- l iese' 5 |’)aner- :F he data and the: Possible explanations offered 4 n ’ 

.nese paper o (some, of which may be debatable)’ will promote.: further nrovress in t-vf, ,tVe. a1 

_rea, whlcn stretches far beyond the conventional framework of^electronics . - - 

~„ a «S‘L^f ua1 . 5 4 n . uch attention In this issue is given 'to so lid-state "'microwave device® 

- s-rj.e-.-i articles discusses the general aspects of computer simulation o^ ncn- 
“ J ' •, ° 5j-ems oj, semiconductor microwave electronics; another" review deals wi^h ‘•'ip' 
rent prooxens in modeling of submicronic field-effect transistor® ?•*?. Wl - h ui } e sur “ 

-lloMiSiJ ™P hasl = e ; he contribution likely to be made in thLva^^b. ule-Srap- 

ind im^SveSL? o?°U»J !?h aa “ e11 “ - 61 K mainframes; so 'as to hasten the treason 

dau improvement or new solid-state microwave devices . . v* ; 

'•«>■* ^ ^ .. ^ ^ ... * *, 

. »• a-- 4 r . 

thA „ n S !n! °A th f articles and communications describe the'55rrent problems in" increasing 
Unppr solid-state microwave devices and units. ^There is .a paper presenting non- ’ 

d f a ? ar analysis of a semiconductor delimiter - one of ...the less. studied tvpes of solid- 
3 ![!^® nl ° ro " ave devices. Among other results published is research connected with the de 
un^s ?he ^ PeS ° f solld - 3tate oscillators , -> amplifiers ,f converters , W and control 

oecililv ?Lld ASAAt a ? VanC rt We are , Cur E ently witnessing in microwave -transistors , es- 
field-effect transistors, and their expansion, into.- th,e ^millimeter wave bands 

te^oenetration^f e the V mAthod®^ e f ,C1 *i at ^° n ° f various radio- engineering systems. The in- 
^,,pi an ^ rat:1 °T of the m fthods of microwave technology and superhigh-speed integrated c 4 r- 
cuxts is further expanding the capabilities ^nd applications of skid-state electronics! 

, L fy el E research is under way also in the field' of' vacuum microwave electronics and 
j.n parvicuxar, the development of effective methods of computer- analysis and syntheses 
especially the specific problems in the development of O-type and M-tS Svices One’ 
SS^«)f,° US3e5 ! h f AppiioaciOA of retardation systems in fields of enSineJSnf not ?n- 
; diateiy connected with, electronic devices. The vast, store .of experience accumulated 
rfioh microwave electronics can be productively utilized^ .other, spheres of thlTeconomy. 

•' - i-- %c «*U ■ “* 

Some of the important trends of microwave electronics are not. .covered in the’issnp 
nf^A^f 117 ) thS develo P ment of monolithic integrated microwave devices and units which ’ 
°f;?L!?f° ad °PP°rtunities for microminiaturization of , microwave technology, raising the 
oo^anpp 1 !'^ C ° St ef 5 e o t; I-veness of these products. . This 'and., other areas of current 

4 i“ ^fL!L covered the future lssues of ^ urnal .- : 
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SIMILARITIES BETWEEN LIVING ORGANISMS AND CERTAIN MICROWAVE DEVICES 

M. B. Golant and T. B. Rebrova 

Izvestiya VUZ. Radi oel ektronl ka , 

Vol. 29, Mo. 10, pp. 10-19, 1986 

UDC 538.56:57:621.385.6 


Vital functions of live organisms are discussed on the basis of published ex- 
perimental data concerning the effects of lower-power millimeter-band electro- 
magnetic waves on these organisms. Analogies with operation of microwave de- 
vices are drawn. 


In [1] the possibility was discussed of applying the concepts of radioelecuronics and 
cybernetics to medical and biological problems. The study was concerned with the general 
aspects of organization of the control of complex systems, as they refer to utilization 
of low (nonthermal) power milliter-band waves of electromagnetic radiation (EMR) in order 
to mobilize forces in a live organism, to eliminate disbalances in its functioning, or to 
prepare the organism for future detrimental impacts.- 

Parallels between the EMR effects on live organisms [2] and general operation regu- 
larities of Information systems have been drawn in [3, 1 *]. These regularities, which de- 
termine the choice of the oscillation power and frequency, the requirements to oscillation 
stability, radiation site and time, etc. [5]» proved important in the EMR uses for medical 
treatments and in biotechnology. This universality is connected with the fact that the 
general patterns of operation of information systems apply to different organisms and ac- 
tions. Mechanisms triggered by control signals can differ substantially, depending on the 
Information content of the signals and the nature of the objects. at which they are di- 
rected. 

Can an analogy with the organization principles of a microwave device be useful for 
understanding the operation of the informational processes in live organisms? We believe 
that it can, although such an analogy cannot be as complete as when one analyzes the gen- 
eral patterns of operation of information systems. Here one can - cautiously - compare 
the characteristics observed in experiments on live organisms with the characteristics of 
microwave devices and units. Ample experience accumulated sifter five decades of develop- 
ment of microwave technology can give clues to interpretation of the results. This possi- 
bility is extremely valuable because of the insurmountable obstacles faced by attempts at 
direct observations in this area. 

RESONANCE IN CELL MEMBRANES 

Considerable biological effects in various parts of the body, often quite remote from 
the irradiated part of the body surface, can be produced by an infinitesimal EMR power. 
Thl3 observation Initially suggested the possibility of some informational function per- 
formed by irradiation. What elements -in the body respond to signals of such a high fre- 
quency? 

Theoretical analysis of the experimental facts connected with the EMR effects In live 
organisms Indicated early on that it Is cells and cell elements, and especially membranes, 
that respond to EMR action [ 6 j . The fact that a very low power was sufficient for an in- 
formational Impact [MOTE. Simple estimates based on the totalnumber of cells in the human body 

(10 14 -10 1 ^) and the general thermal output of the body (measured by hundreds of watts) 
show that mean power output of a cell is 0.5-5 pW; for bacteria, based on the ratio 
of an organism's volume to the mean volume of the human cell, this power is lower by a 

factor of 10^. The density of the power flow absorbed by a cell during irradiation and 
sufficient for producing the biological effect (see, e.g., [3,9])* adjusting for absorp- 
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-ion in -he environment, is net larger than 0.1 of these quantities. Studies of the in- 
formation effects produced, by impulse signals [10] suggest that the mean energy of the ex- 
citing signal can be even lower, at least by an order of magnitude] suggested two alterna- 
tives: either the cells, under certain biological conditions, exist in a state close to a 
triggering threshold of signal generation or, even before the EMR action, such generation 
takes place in the cells. In the former case, the generation of an information signal by 
the cell is similar to signal amplification in a regenerating amplifier [6]; in the latter, 
the function of the EMR is to synchronize signals .generated by a large number of oscilla- 
tors [7]. In view of the instability of regenerating amplifiers, as contrasted against 
the stability and reliability of functioning of live organisms, the mechanism determined 
by synchronisation of a large number of oscillations appears more natural. 


As has been demonstrated in [11], a notion of such oscillators is provided by the 
fine structure of the spectra of EMR-induced effects [8,12,13] (Fig. 1), due to the possi- 
bility of inducing in lipid cell membranes acoustic waves of the whispering gallery (waves 
not radiated into the external environment because of the complete internal reflection). 
Data in [14] on the elastic modulus of distension of cell membranes K (K - 0.45 ;i/m) and 

the thickness A r/[ of their hydrophobic region (A^ a 310 mm) make it possible to estimate 

the velocity v^ of acoustic waves traveling along the membrane 

oi » (AC./pA,,) 0 * 4 , (1 ) • 


-.•mere a is the density of the lipid (fatty) layer, which for the evaluation can be set at 
300 kg/m'3. 

The value of v^ computed with (1) is approximately 400 m/sec.- The membranes of cer- 
tain cells and subcellular elements are cylindrical [15,16]. 11“ the oscillations are ex- 

cited along the perimeter of the side surface of the cylinders, their resonance condition 
will require that the parameter ird (where d is the diameter of the cylinder) be equal to 
an integer U of the length of acoustic waves A 

A -VJf (2) 


(where f is the oscillation frequency). 


N - ad! A, 


(3) 

(3’) 


The frequency diversity Af of two neighboring resonances corresponds to a change of 
N by ±1 and is equal to 


| Af | - v,!nd » (KJpA H ) 0Ji (nd)-. 


rv— » 


(4) 


Cellular membranes are polarized, and each has a constant potential difference corre- 

spending to a field Intensity of the order of 10' V/m. The acoustic vibrations deforming 
the membrane, therefore, induce a variable electric field, forming an acoustic-electric 
wave. The spatial period of the variable component of the electric field is equal -to the 
wavelength of acoustic oscillations determined by (2). For example, for E. soli , which 
has the diameter of about 0.65 pm [15], when the excitation is produced by wavelength in 
the free space of A » 6.5 mm (corresponding to f = 46,1. GHz), the wavelength in the mem- 
brane A will be approximately equal to 100 A. The electrical length N of the ’perimeter, 
according to (3), is close to 200. The variation AX of the wavelength in the free space 

or \ corresponding to Af, defined by (4), is AX s 3*10 -2 mm. This practically coincides 
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Fig. 2 


with the experimental data [8] (Fig. 1). 

Figure 1 plots the synthesis induction coefficient K, vs. X during irradiation of s. 

culture. Similar estimates for yeast cultures based on spectra published in [12] 
'vrig. 2) show that this spectrum represents the oscillations of the outer membrane, while 
the spectrum published in [13] (Fig. 3) refers to vibrations of mitochondria membranes. 

Figure 2 plots the normalized rate of growth of the yeast culture irradiated by EMR 
vs. f; Pig. 3 plots the dependence on X of the change in the number of carrier sit“s af'-e^ 
mice, are exposed to EMR combined with X-rays (the curve PMD + R) , as compared with chance* 
-I! ^he number of* carrier sites af*ter irradiation with X™rays alone (curve R) * x * s 
control. 


Ii. is not only the quantitative fit of the calculated and experimental SDectrum that 
is essential. The cognitive significance of this analysis is even more important. 

^ clarifies why the lines in the spectra are narrow desDite the sub- 
stantial losses in the biological media, and explains the presence of many bands in the 
spectra which correspond to similar biological effect. Both these observations are at- 
tributable to the fact that cell membranes exposed to acoustic vibrations are resonance 
systems in which a large number of oscillation types can be induced; some of them (with 
“tTu ^^ ues ^ are the type of fields that are induced. In the analysis 

of the effect spectra shown in Pigs. 1-3, one should take into account that these are sub- 
stantially nonlinear relationships between the bodily effects and the information param- 
sters. It should also be noted that in the elementary case of a cylindrical membrane 
:aken for illustration, we discuss types of oscillations that differ in just one parameter 
^ £ or> tho sake of clarity. In reality, membrane shapes can be complex, with corresponding 
iribrations characterized generally by more than one parameter. For example, in Fig. 3, 

;wo series- of lines with a similar period can be distinguished, which are shifted relative 
;o each other. Different series of resonance bands can correspond to different cell mem- 
branes (see below, the last section) and can be stimulated in different subbands. 

It becomes also clearly why the biological effect of EMR on a healthy cell is weak 
.within the natural scatter of the functional indicator), and becomes manifested only af- 
<er several irradiation sessions [173. The calculated value of wave velocity v^ s 400 

l/sec corresponds to the deceleration of the electromagnetic wave by almost a factor of 
ine million (reduction of the wave velocity compared with the speed of light in vacuum). 

.'he field is pressed tight to the membrane: the distance from the membrane surface at 
rhich the field amplitude is reduced by a factor of e for a wave X * 5 mm is approximately 
qual to 10 A. In order for such a system to become connected with a wave propagating in 
he outer environment, special elements of connection are necessary. The organization of 
■hese elements is discussed in the next section. We will merely note here that such con- 
tection elements arise onlyunder unfavorable bio log! cal conditions , to which cells or cell 
ystems respond by restructuring. Under normal conditions the membranes radiate almost no 
illimeter waves; accordingly, they can hardly perceive any external radiation. ' The highly 
■rganized energy of microwave vibrations is not wasted by the body; in terras of energy 
oss, there is no substantial difference between generation and regenerative amplifies— 


Another theoretically and practically important experimental fact also becomes ex- 
licable : under the same experimental-conditions, it is not only the fine structure that is 
haracterized by an exceedingly high reproducibility, but also the frequency values at 
hich specific biological effects are observed, despite the fact that the dispersion of 
; he cell sxzes and subcellular elements is fairly large. This hapoens because the value 
f v z , by virtue of (1), is affected by several parameters (the calculated value of v^ s 

400 n/sec is found for mean values, and is itself an averaged estimate). By virtue of 


10 

Approved For Release 2000/08/08 : CIA-RDP96-00789R0031 00280001 -7 


v 



Approved For Release 2000/08/08 : CIA-RDP96-00789R0031 00280001 -7 


3 m. 

t iooy 
\so\ 
" so ■ 


2 


u,0 K 


A A 




h 

I « 

I \ 
W 


A 
/ 1 
/ i 


\T A 

» / i i \ 

\ I \ ! 

\ i - V ■! 


m no 7J2 m 7, IS 7Jd 7.20 722 '7.2b k. mm 

Pig. 3 


/\/ 

/ \ j 


' f— '? 



b 


Pig. 4 


(2) , A for a fixed f is proportional to 7 ,, and so for given M and f, the value of d (see 

(3) ) will also vary in proportion to v^ . Changes in the number of wavelengths !J (for a 

fixed f) on the perimeter of a membrane are unlikely under the conditions of the experiment. 
The membrane is built successively of separate "blocks" - molecules. In the construction 
of cellular structures, one error occurs per 10 3 construction motions [18]. On the other 
hand, there is a very small number of molecules per one wavelength [16], so that even when 
thousands of wavelengths can be fitted along the membrane perimeter, a change of the num- 
ber of molecules along the perimeter of a membrane in the course of its construction is 
practically ruled out for any significant number of cells. If the number of molecules is 
the same, the values of v^ and A, in conformity with the analysis of (1) and (2), and’ the 

parameters appearing in (1), will be affected solely by the density of the packing of 

molecules; the changes in this density will produce variations of A and d proportional to 
one another. 

The informational action of EMR on cells appears to be connected with f largely 
through N, because it is N which determines the character and direction of forces in the 
natural system of coordinates tied to the membrane. In particular, the fine and flexible 
control of cells functions, by varying f can be due to the fact that with a large number 
of “oscillations characterized by small variations of N and respective field configurations 
a fairly smooth regulation of cellular processes can be achieved. The excitation of mem- 
branes has been studied extensively (see, e.g., [16]). In view of the small value of v. , 

the mechanism of long-term or multiple interaction of the variable electric field of the 
membrane with charges connected with protein molecules described in [16] seems probable. 

In electronic devices, long-term and multiple interactions of charges with a microwave 
field are quite common (see, e.g., [19]). In. resonance systems closed in field and in 
current, such as the electrodynamic system of a multiresonator magnetron, excitations are 
quite easy to induce (It Is this kind of system that a membrane ‘should provide for the 
oscillations closed in a ring and excited in it). The current necessary for stimulating 
oscillations would be determined by the quality of the energy loss in the system for a 
certain amplitude of the microwave field and the energy released into this field by the 
charges. The charges, connected with protein molecules oscillating at their resonant fre- 
quencies (due to the metabolism energy), have, because of a large molecular weight of pro- 
tein molecules, considerable stored energy which they can pass on to the membrane's micro- 
wave field In the course of interaction. The oscillations of single protein molecules can 
oe likened to vibrations of a spring which responds by attenuating vibrations at the natu- 
ral resonant frequency to any nonperiodic perturbation.. For coherent vibrations to be ex- 
cited in a membrane, the vibrations of the individual oscillators, however, should be co- 
chasic. Since the polarization of membranes is necessary for acoustoelectric waves to be 
excited In them it is necessary for signal generation In the membrane. This process can 
be depicted as the phasing of protein oscillators linked with the membrane by the acoustic 
component of the wave field associated with transfer of energy of these oscillators to the 
wave; the electric component of the wave interacts with the charges associated with pro- 
tein molecules. Another legitimate hypothesis is that the mechanism is inverse: the 
phasing of the vibrations of the electrical component of the wave field in the membrane 
md the transfer of the energy of oscillators of its acoustic component. 

The energy spent to phase the vibrations of the oscillators is small compared with 
: be ir own energy [ 7 ]. Since losses in the lipid membrane are relatively small, we can 
“•onclude that a small number of protein oscillators would be sufficient for signal genera- 
; Ion with this mechanism. When the cell, however, is subjected to unfavorable Impacts 
.making it necessary to radiate signals controlling the recovery processes), proteins 
-rom the cytoplasm are drawn toward the membrane and become associated in it [ 20 ]; this 
“.mould increase the current and, therefore, the magnitude of oscillations Induced In the 
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CONNECT I OH BETWEEN ELECTROMAGNETIC OSCILLATIONS 
IN CELL MEMBRANES AND THE ENVIRONMENT 


EXCITED 


~ n a normally functioning organism the electromagnetic vibrations induced in cell 
membranes practically do not interact with the environment, because the fields are pressed 
oj-^ht to ^he membrane surface. EI1R Irradiated into the environment or perceived from out- 
aiae are negligibly small. While any connection with the environment would mean a waste 
Oj. energy for^a normally functioning organism, it may become necessary when the normal 
functioning oi ceils is disrupted. It could help processes aimed at eliminating the dis- 
ruptions or adapting to changed functional conditions. 


How are vibrations in the membrane connected with the environment? Of interest in 
this context are the so-called temporary structures that appear on membranes only during 
“‘"e restructuring of the function and later disappear. Could these structures ^unction 
as communication elements? Experience with multiresonator magnetrons, where the field 
° r ^ cture » to some extent, is similar to the above-described field structure in an excited 
membrane (an integral number of lengths of slow waves In both cases fit into the circle of 
>-ne resonating system), suggests that interaction with this field could be arranged with 
-he aid of a probe connected with the field of one of the standing waves in the system. 

e GOi:mu nication elements, placed at a distance equal to the wavelength of the slow wav® 
irom one another, introduce a greater load into the system; they effectuate the connections 
wiuh the crests of waves corresponding to the same phase' of the oscillation. A studv of 
^A\ ha r l0r K f ° ells ® xposed t0 unfavorable factors under an electron microscope showed 
„ ■ r - 1 ® mt,rane surfaces developed septa - periodic protrusions shifted relative to 

approximately 100 8., i.e., the value of the slow wavelength A estimated In 
Por evaluating the size of these protrusions it should be noted 
tnat li the oscillations are moved away from the _ membrane (where they occur in the same 
phase) to a distance of Just about A/2ir from the surface (i.e., a distance of about 10 X) 
then an ordinary time-variable field will be excited outside of the membrane. A decrease’ 
in the amplitude of this field with the increased distance from the site of excitation 
will no longer be associated with the total internal reflection but mainly with the active 
losses m the environment. It is through these protrusions or septa that the primary con- 
tact occurs between the membranes, brought closer together by the unfavorable impacts (Fir. 

* -the protrusions reduce the degree of field attenuation since the distance from the 
surface at these points is shorter; as a result, interaction can be established at a greater 
overall distance. Figure 4 f 20] is a diagram of the process of reactive restructuring of 
membranes after being exposed to a variable field: a) formation of protrusions; b) pulling 
together of membranes; 1) membranes; 2) material adhering to the membrane; and 3) inter- 
membrane gap. * 


One might think that since, according to (.2), A is frequency dependent, a SDecific 
distance between the protrusions, if it could be tied to the field configuration, would 
Indicate that the communication between them is of a narrow band type. The real number 
of protrusions in periodic sequences, however, is relatively small Cup to 5-6) and they 
vary noticeably in shape £20], They can be used, therefore, for communication in a very 
broad frequency band for intersepfal distances equal to the mean A for this band. Be- 
sides, variations in the degree of connection in a broadband affect little the informa- 
tional effect. The latter depends little on the signal amplitude [4], The degree of con 
nection in case of an underloaded generator changes the radiated power relatively slowly - 


The existence of a connection between the periodic membrane structures and the elec- 
tromagnetic field is supported also by the fact that these structures arise in areas where 
membranes cup out; this cupping out of itself provides some connection (although very weak 
In ohe absence of septa) between the high-frequency fields in the membrane and in the en- 
vironment 

Similar results have been obtained in a different way in [.21], The study was con- 
cerned with the interaction between cells (erythrocytes) in a medium into which long-fiber 
polyethylene oxide molecules were introduced. In terms of the above scheme, these mole- 
cules could operate as communication elements for removing the microwave energy from the 
membrane surface. After the molecules were introduced into the medium the maximum distance 
between the cells at which an Intercellular interaction could be observed greatly in- 
creased. The optimum concentration of polyethyloxide molecule (corresponding to the maxi- 
mum intercellular interaction) was achieved with an intermolecular distance of about 40 X. 
xt should be noted that, first, the ends of all molecules are not situated in the same 
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y_ane and are not in contact with the membrane surface The mean di^anris ,, 

measured along che membrane surface,- should%d cibse to the between -.hem, 

-o this surface. Secondly, the region of-'a v ?ial^2?th measurea perpendicular 

the amplitude at a surface by not more thah bv a fact n* ? e ? ble amplitude (smaller than 

nearly 2.5 lines and equals (pp?oxln!telJ 40 L TWs Sea^s 

:o r I? r ?°o 1 ?°ee 1 n?lS P ?St t 1 h fop\ 1 S C s„f 1 ab °S t t 100 * rath * r 

nants Is close to the leAgth of the SoS ^ve I MtSSed ^. * »1- 

tion ^.5S^"^S^' 1 5S!i 1 S :r -^r*S^5£SSSsa±S < SK=L, ,, SS£ 0,1 “ i ;' 3t r y of the posl - 
osclllatlons In the membrane supports the hroothesls that rarl.hirS.?^ “ d tfie 

the membrane and the possible system of oonneS“ln JlS“ h eK mlmbrSlsf lndu=ed ln 

A minor asymmetry can be observed in a normally fun'ctioninc’ a<? M «i i T4 _ . 

responsible for the observed slow reconstruction of fn^?on ^ S hf!i^v, Zt may be 

CONTROL OF CELLULAR PROCESSES BY MEMBRANES 

sdis'i-aSD 1 SISSS 

specific types of molecules and transporting them to the site r of d their f ^ht tl ° nS n CaptUr:Lng 
cellular structure has been built, the cytSfkellSon tecSv! Tn r?Sl ° nce the 

in the IR band, but eitenSed^ouf spdci^aSysL 

««! ST^ffiL-V a fSlf^ffe 

mat ions in the cell in conformity with the type of the oaSllatioM ScL X ? 
points of the filiform formations in the cell are 4 - 1 d ^ d * H 1 ? cross- 

occif ed Wh"X° h \h OS °f i:tn ? the^sltes^and^type^of 

case Ur is SSa?e e rl2? 3lgnal3 *” seneratad by the organism or receded from oSslde I'S tS?s 

not lS^r a ?^ 1 rf™'^”^‘iS%I" 1 Sl*a;rflSirSS a^S^T^h 0el i? r 
trie constant close to that of water. A minimal cross Lction „ haS t dlelec ~ 
for millimeter waves in such a medium should be larger than the cell sire hv*™ ch ®? nels 

inside bypoth ® sia °°®Patible with the real data on the dielectric JLpeJties S elects 

inside the cytoplasma can justify the possible formation of channels conducting 

areas occupying Just a portion of a single cell. cnanneis conducting EHR in 

llkely e *Planation can be based on processes on the surfaces of membranes 

2-s.^frs.srs 

1o ! y o? 3t ™ at ? res “ d sma11 bodies are formed sometimes to provide a contact 

<^uj. of special importance in this context -I «? t-h« fan*. 4.v, 0 4. _ I./ , GonT: act 

ace that many of the processes determining the cell function take place £16]”* ^nLarf” 
raeffl branes influence the enzymatic activity and coordinate the chemical Marn" 

■aside the cells. Membranes also take part in intL^llula? cooJdinafioS ?he t " S 

ion of information from one cell to another on contact 

ca ? n r ?K iSoig^ rsMt^sF- 

r »tio„“iS changed 

a ; n a ;£® C ? ins bhe patterns of acoustoelectrical oscillations In thl mlrabrane, the SSiSSJ™ 

funnt ?£ninff S £f ln 15 C ®H S 5 throu Sh processes at the cellular level, it Ln 
he functioning of complex multicellular organisms. The targets of regulation would 

Approved For Release 2000/08/08 : CIA-RDP96-00789R0031 00280001 -7 

13 



, — transmission" of "Vibrations" ^rom^one"'^ 

&>S?£oi%^!2l aTie d H b ? *» ^“^^0 £_ 

to unf avorable ^impacts ^ P the°so-called C endoDla S of temporary changes in the cells exoose- 
iormed membrane elements) aid def^rmitions of th?^ n ® two f k (a astern of interlinked S|“ 
controlling the processes aimed ft^rfco^i^ SoJma TlTtTl ZVtlons 

bu * - sr-a%2 

. i^f iS^°S on f - r 

provide a better understanding o? Se folLwSJ; 38 Processes. In particular, the;- 

1 nances to* tjf forS^f^acmSa^dScerS^he me„b?Sea 5^°° esses role of reso- 

(slnce they 1 oSu?\s“f^chronlfatlon h of mSmbranroacillatl'® powor on these Processes 
pac.a on cellular processes) once the power Is abo« a cewSL^Slshold" ^ ^ 

rupted ^ct r io a n°ShS SSWS"SS!Su2i*!; 1 SSSt #f ln -Seisms with dis- 

radiation); and - .. P acrucT:ures to connect membrane oscillations with external 

concerns restructurin^f^tte cellf ^whi^ 0 ofatain a residual biological effect (this 
brought to the site of action ll 11 ^ ^ # S?KLS?^.Sir ,! - SSS “* 

complex an^lit tie-in vest igated'^processes^^which 1 *^^ 10 ? t0 underst ending these exceedingly 
this research. ligated P rocess ®s, which emphasizes the importance of continuing 
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•pofiio-electronic systems and living organisms are both complex systems 
("albei^of 0 very 0 different 3 degrees of complexity), and a great role is played by 
info?mat?on!l aspects in ensuring their long-term uninterrupted operation 
Since ?adiS-electronic systems are incomparably simpler than living organisms, 

?he ways o? stuping them and ensuring their reliable operation are vastly simp- 
le? It is suggested that, on the basis of analogies, the approach to the solu- 
tion of medical-biological problems can in certain cases be simplified. 

i 

with the wide use of radio-electronics and cybernetics it has become possible to cre- 
t „ new aDParatus playing a revolutionary role in modern medicine and biology. The range 
ate a new apparatus piay g lB so vast that it can scarcely be surveyed in a single 

of ^? P ?i iG MivLthelels there is one link between these sciences that is only just start- 
f r fcl °i l e * thoSgh it'laj well prove very fruitful in the future. We are speak- 

Ling ?n medicine and biology certain general ideas of electronics 
and nvhprnetics and on the basis of analogies, devising new approaches to the solution of 
medlcal-blologlcal^roblems . But let ua empha.ise at the outset that only a few aspects 
of this vast and many-sided topic can be mentioned here. - 

Radio-electronics is concerned at present with devising complex multielement systems 
suitable for long-term uninterrupted operation In “S2 Si 

!I? ? H F? 

fnd?hlt their entropy (a measure of their lack of order) has to increase extremely 
5S need to SoMider the main conditions for long-term preservation of the 
siowiy [1]. we need to cons princlp i e , the following conditions refer, not only to 

e[ec?rSnic system! and Jiving organisms, but also to any large stably operating systems, 
such as e.g., undertakings with external connections.. 

a) we need a material and energy supply from outside for th. g lts 

energy consumption and to replace elements that have ceased to perform their function, 

hi we need reserves such that, on the one hand, partially failed elements can be kept 
sate for poor operation of others; 

.. nood f>-t r'f’ni ts for obtaining and transmitting data about all variations inside 
and oSt»ide^!2 sySm! so that the system can adequately respond to these variations; 

d) we need central and peripheral control circuits and automatic feedback loops for 
controlling the system response to internal and external variatl , 

\ ... need n qpnqitive disDlav whereby processes unfavorable to the system can be de- 
t^tJ^tX?? ?a r^Sopien stag? and the data obtained used for adjusting the system, 
s? af ei?he? to ^S^tSrSJtSer development of these processes or to prepare the system 
for operation in the new conditions. 

m h „ annroach to the living organism as a unified, data-connected and data-controlled 
. lhe ^ P ?T°t t he first Scortance of data aspects when solving medical and biological 
SLJcms! P ^iL t h his f JrLvJ!L « Lincipls, tKe ways of going over from general ideas 
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290^0^9^ tLy are 

still need to ha^f^d? J , in electronics: man y unsolved or only partially solved problems 
what -sor? d nS « b ^ i6d ; We need t0 know how the data systems of the organism operate 
data system, etc? 7 ’ ^ h ° W “ edlcal interference can assist the operation of the 


to! °i ax tent to which the data signals in the organism are electrical (The data 

is played by data e tran!mi!s? ed h^h electrical signals. In particular, an important role 

troSaSe?ic oscillawSn? ? ind hf asents ‘ But *e. shall only deal here with elec! 

Him,-,* ° Bc;LJ -f a tlons. ) and the problems concern the "electronic” nroDerties of tho 

mlt in!ofve W e yS ° f 3tudyln S Problems must also be "eLct^Sfc," Lf 

ties etl 1 An inroorLnf characteristics and of nonlinear and modulation propeL 

many Ixp^rimenS data? Was made ln [2] with the P^of. (based on analysis of 

magnetic oscillations (EMO) with ?i%iVo?g!nI!^ electro- 

nals on the^EMO^nower' C fii°^ biological effects of external (radiation-connected) data sig- ■ 
going !p ?o fUeS S Sicb ^r rt i ne fl, ° m f ‘“S* 11 * extremely low threshold level and 
to Sfve P an impo^Lf roJef 6CtS Connected wlth heatl "e of the irradiated object start 

are onlv^^e^kin^L^ 3 !^.? re ? p ° nse of 4 llvln S organisms to low-power EMO radiation (We 
dent for dif™?ti£l ?he frequencies at which the energy of the quanta is insuffi- 

sponse is seen usually doS^n^eLeed^enth? 11 !/ 61 ® 111 ^ 6 fre( l uenc y bandwidth in which a re- 
display bands „ observed, £ KSS* 

tions^I T tU fl °h i aWS h t S b f en d ^ scusse d ^ various Russian and foreign publica- 

parison il ii technical 'cyberSeSf sjstass! iS/ 0O "" 

system S f SSSSS. ; L*S. , 52tS 3^S^rL5S^i°SB ,, L“ d 

Sanlsm; to each variation of the atate or type of activity \he?e oor?e?oonS aoEwo °'Z„ 

let^requencies * [ll) 6 TsSel»? Xte ! ldSi -i '’"’T to Cat leaat In some cases). ultraSlo- 

spectra i f r4 ®? e ?i 1 ls played by the lines in the infrared part of the 

Denature * f" the vicinity of the maximum of thermal radiation at the organism tem- 

perature. This is confirmed by the determination and analysis of Raman snect™ rfi 71 of 
living organisms, which include a number of pronounced lines in the infrared Dart ’aid a i 

“^.S^SdraS^i^^rS 0 ?"^.?’ ‘he a e otSr‘s^agSs ed m^e^s of S ° 

uueoreucai study, and gives a detailed justification of the hvDothesis that tho dirar+- 

action of low-power- EMO on the living organism is linked with Collective ^citftion! ^r 

arrsh;j4crt 0 5 Bosi's?a”sWc 3 ? ra ° te 6 the3 ' excltM °” s Uke Bosons, i.e.. 

The threshold power needed for response to irradiation ls determined bv tha trano-< 

auboxure zero L°J in the living organism becomes possible as a result of material 
enerf! transformation, whereby, in the neighborhood of certair^frequencies 

absolute t zero? UrCe * * systera can behave like a system operating in the neighborhood of 57 

iivdn^LLriar^d^LY^^^ 

the l^a5i e a^d°oLf^ Sl i S 5 tly ( by apprM - °- 001 of “>« t,ds“ P ??^ U ency! acco?S!L ?o ' 

the basic filquenc?) in Shirh^ Xt Wa < alS ° sh °!? n that the bandwidth (likewise Q. 001 of 
OIJC Udsxc. irequency; in which the organism responds to irradiation is detarm-tnad w„ It, 

pcij^joytsss ssssss s‘ts^ss?s. , s“ t s ss 
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(usually low-level) signals functioning through the data systems n-f J 

signals [3,5]. It Is natural to ask what the function c Tf theseTlSals A Led data 

might t>. at follows: to mobilize the reserves of the orglolsm^hen for 
normaily functioning data system cannot perform this talk itself (Data have sJ fl? be eS® 
published only on certain data EMO signals and the nature of. their moblllzLe action oS the 
ex P® ri mental data refer mainly to protective action of EMO on^emopoiesis 
action on malignant neoplasms, ophthalmological diseases, .trauma, and certain hSt ™ Jen 
lar diseases etc. But we can in principle expect that as reae&Arh S-rrff~r a ^, neart Va3 £ U “ 
these signals will be extended and the scope for mobilizing the reserves nf the xf nee .r 0f 
will correspondingly be seen to increase.). This is to iome exteS sTmf S® °^ a nism 

SiS e in?d d ?he k sys?em..° f “ electronlc 3y3tera in order better to. mobilize the res trvts 

the o^anis^fuli^performs S* 1°^ ' 

to be borne in mind, first, that the prime task of mediSl Serfe^™* b J° n3 * Bu ! “ has 
organism to its normal state. Second, any of: the present popular medical faV-ri'ftf 0r ® the 
precisely aimed at assisting the organism In Its struggle Sith illnefs anJ nJJ ^ ?t are k 
stitution, so that, from this point of view, the data signals no ?, at dts sub -> 

ly and most important, the vast reserve potentials of the organism hav^ t-n ? h C h Ptl0n ^ * , Thlrd ~ 
By gradual training a man can be taught to wlthttlnd cold , helt ^oxyge^ defL^nov 1 ? mlnd ' 
tains, to consume a small amount of food and moisture, to maintain In raoun- 

accelerate regenerative action, etc. To realize thele pLsIbiXwes^flnS loadS * to 
the organism is needed, specially of its system of internal feedbacks fc .°£ 

of gradual adjustment In connection with changes in conditions of existent t-hnf^ 1 ?? ? ere 
to be remembered that similar adjustments can be SuJ^rJSctolSSirSkSSff 1 (US** 
long-term). For instance, there are the widely known a £ td - tudea Calso 

term oxygen deficiency, or to enormous static loads reaching several tons etc^ 
cine Is often concerned with cases when sudden disruptions do not leave 

tation and adjustment of the organism, and its reserves cannot be broutfh^inJ Lh adap- 
natural conditions,. This is sensible starting-point lor Sg dlta siSlls 
adjustment of the organism can be accelerated many times. In [51 from arvnvq-rq £f> y tbe 
of EMO data signals remembered by. the organism, It is concluded that tL “ganilm Lbilizel 3 
them for overcoming factors unfavorable to its operation. Naturallv the dfta f 6S 

also prove useful when the data communication circuits are destroyed *and external S n-r£rnn? an 
are used for replacing those that do not arrive over ^thfnatSal JhanneL? 8iSnalS . . 

. Discovery of the effects of data signals bn adjustment of the organism can be assisted 
y experiments in which the organism is irradiated by square pulse amplitude-modulated EMO 
3 *S™} 3 ^ 10 ] Even earlier, in [2, 5], it was established that often° when da?f sllmSlf- 
realized by continuous EMO, fairly long-term (not less than an hour In [2 51) lrra 
l S / ee ? d H In C ^ ] l he biol °ei° a l results of stimulation were compared for tio 
°1 lrr ?? lat l° n \ flrsfc ty P e was continuous, using a generator with, power onlv 
bove ^he threshold required for obtaining a biological effect, so that an! siSnifi 
cant power reduction or reduction of irradiation time to under 45 mins leads to vanifhi^ 
of the effect. Ihe second wasjthe square pulse amplitude-SolulaLfSode ol Ihf s^f^efa- 

P^l 1 li^ P ^ S + ! v, dU^atiOn . Wa fu 1 ■fl 4 10 "" 3 / Sec, ^Petition period was 0.01 sec, and pulse power was 
equal to the power in the first (continuous) mode. ■ It was found that the biolLl^l 
is virtually the same for an hour's irradiation in either mode. .This shows that the ' 

Requires a short time (at most 10 ^ sec) for response to Irradation, whereas re- 
laxation from the stimulated state requires over 0.01 sec. As a result the ni,i, P 
tinuous modes give the same biological effect. Relatively long^tera iJradatlSn il a ” d °° n " 
or certain systems of the organism to adjust, thereby producing a' memory of the. stimulus . ? 

... continuously varying conditions of existence, and with breaks of the data sormsp 

^ he !lp* m ortf organism has-to adjust itself continuously, . often quite rapidly In the cases ' 

3 f d!ta EMQ ^s!imei?°? Cern ^% It can therefore be expected that there will be increased use 
hL? EM0 st f mu11 in medicine as research progresses (It may be mentioned incidentally 
adani-!hfi a " ±sm usua i ly becomes accustomed to any medical stimuli, presumably due to^Its 
io tC l a " y ^ ex tei*nal factors demanding adjustment of its operation. But so far 

:ati!n P i! reali^^in 3timu , 1:L has been observed.. This is possibly because data comAuni- 
Jly by "no ^noticing" thlm!)?* Y 3lmllar , 3l S nals * and the organism adapts to them sim- 

PeratiL U of t q U ?»r.^ bb f*. la3t ° f ? he above-mentioned- conditions for long-term uninterrupted 
iboutall ^ y ^ m ^ nam ^ y ’ fch ! presence of circuits for obtaining Information 

.he changes affecting the system operation. By obtaining information about faults 
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Disease l^usuall^flrs^lnrifon?^ 1 ^ 1S ltnown to simplify the treatment of sick people 

SiSTdiJa^mS th . e J lvin e organism being e^uip^ 

Yet there are^tlmee whin t£e < f”“ e ' ' 
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Acoustic detection of absorption of electromagnetic radiation 


The growth rate of the plants in height was measured. The dynamics of the change in the growth 
^tribution function of the plants was analysed for 30 days from the start of signs of germina- 


^°*At the initial moments of time of growth (5-7 days after sowing) the growth rate distribution 


^11 inv * W ' J — " <u O/ o " r *-*■* • “‘V uiuktiwwsivu 

^ihe plants was close to a normal one. However, on days 10-12 after sowing this function com- 
ity ••collapsed” (Fig. 1) but after a further 3-4 days growth it regained its normal form. Change in 


■^ly “coliapsea (.rig. i) uui oner a lunner j-o aays growth it regained its normal form. Change in 
Jl^extemal conditions (air temperature, luminosity) only shifted the moment of onset of “chaos” 
^ line with the phase shift of development of the plant. Nor was there any change in the character 
4/ the “collapse” with the different density of sowing: the growth rate of each individual plant 


4/ the "conapse vmu me umcicm aensiiy 01 sowing: tne growth rate of each individual plant 
guetuates. 

Study of the consumption of nutrients in the seeds and accumulation of the dry biomass in the 

< rlinwc thnt thp nf il _ _ e « 


wij Viuuiuoi) iu utv 

pt««t leaves shows that the moment of “chaos” coincides with the moment of passage of the plant 
£00 the heterotrophic to the autotrophic type of nutrition. At this moment a minimum of dry 


gytu ■ * « * • m. w uiMuuiuui ui uijr 

04tter is observed in the plant (plant mass plus seed mass) (Fig. 2). This allowed us to assume that the 
effect of variability in the growth rate of the plants may be explained on the basis of the trigger model 
4f Chernavskii et al. [1] in which “chaos” corresponds to the bifurcation state on parametric 
twitching of the genetic system by the Jacob-Monod scheme. Change in the parameter of the system 
w achieved by changing the supply of substrate. The bifurcation state is interpreted as the moment 
gf the onset of competence for differentiation (1 ]. Apparently the above described phenomenon of 
rtriability of plant growth in terms of the speed parameter is experimental confirmation of the 
general theorem of Chernavskii that the advent of new forms must necessarily proceed through the 
Kite of chaos. Variability is the necessary payment for development and complication [2]. 
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ACOUSTIC DETECTION OF THE ABSORPTION 
OF ELECTROMAGNETIC RADIATION OF THE 
MILLIMETRE RANGE IN BIOLOGICAL OBJECTS* 


I. G. Polnikov and A. V. Putvinskii 
I nstitute of Radioengineering and Electronics, U.S.S.R. Academy of Sciences, Moscow 


C Received 2 September 1987) 


On irradiation of various biological preparations, cells or intact organisms, with millimetre (mm) 
waves a whole series of effects is observed already successfully used in medicine [1-3]. Many authors 
have observed marked frequency-dependence of the effects on the basis of which the possibility of 
the non-thermal resonance interaction of k.h.f. radiation with living systems is discussed [1, 4], 


Bioflzika 33: No. 5, 893-894, 1988, 
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Obviously to solve the problem of the mechanisms of the biological action of mm waves the 
first need is to establish whether the frequency dependence of absorption of energy of this radiation 
exists in bio-objects. In the present work to control absorption it is proposed that the method of 
acoustic detection of absorbed power (a.d.a.p.) is used -based on recording the thermo-elastic vibra- 
tions induced by absorption of modulated radiation. Such measurements have already been practi- 
cally mastered in the optical range (photo-acoustic spectroscopy) [5]. It is interesting to note that the 
phenomenon of thermoelastic transformation of the radiation to sound itself is also known in electro- 
magnetic biology: on absorption of the pulses of a u.h.f. field in the tissues of the head the human 
subject hears so-called “radio sound" [6]. 



II 


Frequency dependence of absorption of the energy of modulated mm emission imp> rl ? l ' n * ^ 
a— rectangular quartz cuvette <1 mm thick) filled with water and positioned in the near zone ct 
horn (U is the signal of the piezo detector at the rear wall of the cuvette); A— polyethylene ^P 1 
(internal diameter 0-7 mm) with water passing through the waveguide ( U is the signal of the 
phone inserted into the capillary at a distance 1 cm from the waveguide); c— is the skin of the h 
hand (between the horn and the skin is a well harmonizing fluoroplaat gas microphone cell: ^ ** 
phase shift between the modulating and acoustic signals). 

The experimental apparatus was assembled on the basis of a LOV-55 with the k.h.f- 
(5-2 x 2-6 ram 1 ) and included the necessary instruments for controlling and stabilizing the 
power and frequency (35-53 GHz), low frequency modulation (2-1000 Hz) using P-i-N’&y ^ 
the LOV grid. The rate of the sweep of the radiation frequency. 1-iO.MHz/min. The r ccordt®* 


Approved For Release 2000/08/08 : CIA-RDP96-00789R0031J 




Ipld For Release 2000/08/08 : CIA-RDP96-00789R0031 00280001 -7 

|p. Acoustic detection of absorption of electromagnetic radiation 963 

W rA of piezoceramic detectors, condenser microphones, narrow band electrically tuned filters 
.2 synchronous quadrature detector. The amplitude of the acoustic signal was recorded 
? 0* * ., 0 . c oordinate automatic recorder. 

«•••* "thermoeiastic vibrations on absorption of mm radiation are generated in the object itself 
. e . air layer next to the absorbing surface. In both cases the amplitude of the acoustic signal 
)t g4 1 rt j ona i to the absorbed power of radiation [5]. We used both variants of a.d.a.p. 

# p ‘u P ° rn emitters are most often used to irradiate biological objects with mm waves. Our experi- 
showed that in this case a marked pattern of the frequency dependence may be observed if 
0* j s jn the near zone of the horn (Figure, a). This curve with extremes points to the frequency 
d nee of the harmonization of the k.h.f. circuit with the object based on the multimode inter- 
C jn the near zone of the horn. It is important to note that the phenomenon discussed is not 
w,reoce e( j in the frequency dependence of the power reflected in the circuit and, therefore, may be 
( «prcs ^ arte f acts in ^ evaluation based on waveguide measurements of the radiation absorbed 
**. object, that is, on detection of the action spectra. 

k To irradiate the solutions or cell suspensions a different method was sometimes used: a capillary 
introduced into the waveguide through non-emitting apertures. According to the a.d.a.p. data 
certain frequency the maximum release of k.h.f. power in the capillary with an aqueous medium 
t j s0 b e observed in this case (Figure, b). This effect described in [7] is due to the transformation 
|*the jjjain mode to other types of waves and may be noted during careful measurements in the 

^'if the irradiated object is a layered structure then as shown by theoretical analysis [8] unevenness 
and the frequency dependence of the release of k.h.f. power over the layers as a result of interference 
effects are possible. Is the frequency dependence of the action of mm radiation on the human body 
ot linked with this on irradiation of reflexogenic zones? The a.d.a.p. method makes it possible to 
Investigate the frequency dependence of the depth of penetration and the absorption profile of the 
elffl waves in human skin since the dependence of the acoustic response on the modulation frequency 
cf emission, in principle, carries full information on the field distribution pattern in the skin (if, of 
course, its thermodynamic characteristics are known). 

In seeking to detect changes in the depth of penetration of mm emission into the human skin 
with change in wavelength we simply recorded by the gas microphone method the frequency de- 
pendence of the phase difference of the modulating and acoustic signals. Evidently this parameter is 
determined by the time of diffusion of heat to the skin surface and is greater the deeper the radiation 
penetrates. It was found that in conditions of careful harmonization of the horm with the skin 
(when the effects as in the Figure, a , are excluded) the phase shift monotonically drops with increase 
in the frequency of mm emission (Figure, c). This evidently simply reflects increase in the absorption 
coefficient of the mm waves in the skin, namely its aqueous component. In our view this fact indi- 
cates the absence of special features of the frequency dependence of absorption of mm emission 
in the skin due to its complex heterogeneous structure. 

Thus, the control of the absorbed power by the a.d.a.p. method may serve for correct investi- 
gation of the action spectra of mm. waves in experiments In vitro and In vivo. . 

The authors are grateful to V. B. Sandomirskii for assistance in mastering the a.d.a.p. method. 
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POPULATION DYNAMICS OF PROLIFERATING CELLS 
ON PERIODIC PHASE-SPECIFIC EXPOSURE* 

B. F. Dibrov, Ye. V. Gel’fand, A. M. Zhabotinskii, 

Yu. A. Neifakh and M. P. Orlova 

All-Union Research Institute of the Technology and Safety of Medicinals, 

Kupavna (Moscow Region) 

{Received A June 1987) 

The dynamics of the population size of proliferating cells on periodic exposure to phase- 
specific cytotoxic agents with a blocking and non-blocking action has been investigated 
theoretically. It is shown that for real values of the parameters of the model soon after the start 
of exposure the population size exponentially depends on time. The dependence of the 
dynamics of the population size on the integral parameters of the cell cycle and the regime 
of exposure has been studied. It Is shown that in certain periods a resonance fall in the damage 
to the cells of the population must be observed. It has been established that the values of 
the periods corresponding to the resonance fall in damage are essentially determined by the 
mean duration of the cell cycle and the duration of the blocking action, for a short duration 
they are approximately a multiple of the mean duration of the cell cycle. Experimental study 
of the dependence of damage to the epithelium of the small intestine and the survival rate 
of mice on the period of repeated periodic injections of a S-phase specific cytotoxic agent- 
hydroxyurea— revealed a resonance increase in the survival of the mice and reduced damage 
to the epithelium on injections of this substance with periods close to the mean and double 
the mean duration of the cell cycle of the enterocytes of the crypts. 

In antitumour chemotherapy and also in various experimental studies phase-specific prep ar *“^J 
are widely used, i.e. preparations the action of which extends only to cells in a certain phase o 
cell cycle. Earlier when investigating mathematical models we were able to show that on 
introduction of high doses of phase-specific cytotoxics there may be resonance dependence ° 


survival of the proliferating cells on the interval between administrations with resonance m ^ 

of survival at intervals close to (or a multiple of) the mean duration of the cell cycle [1 3- * n 
it was shown that this effect may be used to optimize the phase-specific cytotoxic actions in the 


m 


and, in particular, in tumour chemotherapy. 

* Biofizika 33: No. 5, 895-904, 1988. 
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DISSIPATIVE FUNCTIONS OF THE PROCESSES OF 

Interaction of electromagnetic radiation with 

f BIOLOGICAL OBJECTS* 


Yu. P. Chukova 
_ Otklik” Time Scientific Collective ( 
(.Received 23 July 1987) 


aothors have determined the rate of generation of entropy in biological systems as a 
^sult ot the irreversibility of the processes of the interaction with electromagnetic radiation 

whlch ° ne aC f C °. mpan ‘ ed by r,se in free “ergy. The characteristics of the irreversibility of 
^ process ot plant photosynthesis, human vision, etc. are presented. It is shown that in the 
processes considered, irreversibility may greatly differ (up to 10 s fold) 


r 


reversibility, as is known, is an integral property of all real processes. After the 
wrk of Pngogine [1] it is characterized by the magnitude S„ called the rate of genera- 
10 a of entropy, the specific value of which <7 is called a dissipative function. Among 
* vanety f irreversible processes of the real world we would mention but a few 
processes of heat and electrical conductivities, diffusion, thermal chemical reactions, 
at.) for which methods of calculating this magnitude have been devised. As for biolo- 
pai objects for them as for more complex systems the question has hardly ever been 
iied. Yet, the achievements of the thermodynamics of irreversible processes in the 
ast few years and, m particular, the successful application of the Landau-Vainshtcin 
aethoci tor explaining the processes of energy transformation in quantum systems have 
ji e possi e evaluation of the magnitude S, for a large range of processes of interac- 
m ot electromagnetic radiation of any spectra] composition with matter. 

rhe method of determining S t for endoergic processes occurring under the influence 
u electromagnetic radiation is outlined in [2]. It is applicable to open systems in the 
y state. While in these conditions electromagnetic radiation with the energy 

Ll m /r roCeSSeS aCC ° mpanied by rise in the free ener Sy (endoergic processes) of the 
: r ro cif “ COmpared With the free ener 8 y of the reactants (FJ the efficiency of 

^ = ( 1 ) 

the points above the magnitudes denote time derivatives. From the laws of ther- 
; dynamics for rj t we have the relation 


1'=l-T(S t +Sd/W t , 
‘ Biofizika 34: No. 5, 898-900, 1989. 


( 2 ) 


[975] 
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74 log v [Hz] 



Position of zero boundary of endoergic processes on the plane log v-log E, in the app r0 
mation of the thermodynamic reversibility of the process. 
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where S a is the flux of entropy of electromagnetic radiation with the power W',, whit* 
is absorbed by the system. 

Usually relation (2) is analyzed in the approximation of the thermodynamic lime 
when S ,= 0 [3]. The limiting value of the efficiency of the system (tjt) may in this cm 
be calculated for any system if the main characteristics of the process are known. S, 
may be evaluated from the difference of the real efficiency of the process (i/ e ) from ik 
limiting. 

The effects appearing in biological objects as a result of interaction with electro, 
magnetic radiation and those magnitudes from which they are judged with rare exccf 
tions cannot be interpreted as efficiency. But in threshold conditions when the biorev 
ponse vanishes one may state that the efficiency of the endoergic process is equal u 
zero. This aspect is considered in detail in [2]. In threshold conditions of real efficicncj 

we have . . 

S t =W?jTS a -l. W 

For the red boundary of all bio-effects with a wide frequency action band and (a 
bioresonance effects the position of the zero efficiency boundary of the endoerpt 
process in the approximation of the thermodynamic reversibility of the process is gnci 
by the relation 

c 2 Ey = 2nkT v ,2 [(l + Po) In (I + Po) — Po l n Po] > 

where v is frequency; E° is the spectral density of the radiation at this frequency: 7^ 
the temperature of the system; e is the speed of light; k and h are Boltzman and “ a 
constants; p 0 = c 2 Ey/27:hv 3 . 

The Figure illustrates this dependence for a wide frequency interval, in 
of electromagnetic radiation the characteristics of which (frequency and spectral densw 
enter the region A cannot be transformed to the free energy of the system even « 
approximation of the thermodynamic limit (thermodynamic reversibility). The 
E v ° is always higher than the spectral density e v , r of the radiation of an absolute 
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body with the temperature T. Their ratio £?/«,. r assumes a simple form for high fre- 
quencies (hv>kT): E?/e Vi T =e and for low frequencies (hv<kT): Effa T =la(ep 0 ). 

The position of the zero boundary of real processes is shifted towards high E, values 
through dissipative processes. These processes may be evaluated from formula (3) if 
jt j s known from the experiment under which conditions the effect disappears. 


System and process 
j^reshold human vision at the 
red boundary 


photosynthesis of 
unicellular algae 
shade-loving plants 
light-loving plants 
Synthesis of A prophage 

Growth rate of yeasts 

Rigidity of the haeme protein 
bond in haemoglobin 


Experimental conditions 


S, or S,jAv 


4=780 am, £? = 3xl0 -2 * J/cm 2 
15] 

3-6 xlO- 29 

4=950 nm, £,°»4 x ID’ 20 J/cm 2 
[6, 7] 

400 nm < X < 700 am [8] 

6-7 xlO- 29 

W'NSxIO-* W/cm 2 

1-2x10-* 

»; o = 5xl0- 5 W/cm 2 

1-2 x 10 -7 

=5 x 10 -4 W/cm 2 

l-2x!0-« 

f=70-4 GHz, Jv=06 GHz, 
fT.° = 10-* W/cm 2 [9] 

5xl0“ ls 

v=41-68 GHz, Ji>=10 MHz, 
IT? = 10~* W/cm 2 [10] 

3xl0“ l * 

v=42 173 GHz, Jv= 4-2 MHz, 
^.° = 10- 3 W/cm 2 [11] 

7 x 10 -13 


2- 3 
2-6 

3- 1 

6x10* 

8x10* 


Note-. The magnitude S t is measured in W/cra 2 -K for the processes of photosynthesis but 
for the other processes S,/Av is given in J/cm 2 -K. fV° is the density of absorbed power in threshold 
conditions and £, is the corresponding spectral density of absorbed power £® = lV°/Av. 

It should be remembered that to obtain correct evaluations of S t the S, values 
must be calculated starting not from the characteristics of the incident radiation but 
from those of the absorbed radiation if the width of the absorption spectrum is narrow- 
er than the width of the acting radiation. For the reverse ratio of bands S t must be 
considered from the spectrum of the elementary excitations in the system [4]. The 
Table gives the S, evaluations for a number of processes of interaction of electromagnetic 
radiation with biological objects. 

The processes and systems included in the Table are so chosen as to demonstrate 
how wide is the range of values of the dissipative functions in different biological objects. 
It gives the evaluations of the dissipative functions both for processes the characteristics 
of which do not cause any doubt (human vision, plant photosynthesis) and for effects 
the very existence of which is of a debatable nature (bioresonance effects of u.h.f. ra- 
diation). Since the characteristics S, and S, essentially depend on the frequency charac- 
teristics of the effect then for the three last processes presented in the Table later experi- 
ments may introduce the most significant correctives. 

As shown in [2] together with S, it is desirable to use the magnitude SJS, which 
being dimensionless is a more graphic characteristic. Its physical meaning is simple 
showing as it does by how many times the rise in entropy as a result of thermodynamic 
irreversibility exceeds the rise in the entropy of the system through absorption of elec- 
tromagnetic radiation and so characterizes the degree of perfection of the energy trans- 



978 


W 


M. V. Fok et at. 

ducer considered. Perfect are those transducers in which the ratio S,/S t is low Tfc 
most perfect is the human eye especially in conditions of twilight vision (&/*’< n 

In other systems SJS^l and for the processes of interaction of u.h.f. radiation with 
biological objects this ratio may reach 10 8 . 
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It is shown that during oxygenation of the blood the permeability of erythrocyte membranes 

.for oxygen falls at least ten fold. 

In [1] it was shown experimentally that on oxygenation in certain conditions of different 
volumes of donor blood the curves of the dependence of the degree of oxygenation * 
on the oxygenation time t in the coordinates a-log t may be combined with an accuracy 
±2% by shifting along the log t axis. This means that the link between the degree of 

• Biofizika 34: No. 5, 901-904, 1989. 
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